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Optimized procedure in idle mode for MTC devices
1 Introduction
A new study item on Power Saving for MTC Devices was agreed at GERAN #60, see [1]. Lower power consumption is an important requirement of MTC devices. Some characteristics of MTC devices, e.g. stationary or low mobility make it possible to optimize some procedures. In this contribution, the power consumption of MS in idle mode according with current specification is given as the reference case. Some proposals of procedure optimization in idle mode are presented and the gains of power saving are evaluated. 
2 Background
2.1 Procedures in idle mode in current specification
The MS tasks in idle mode can be divided into two parts: measurements for cell selection and measurements for cell re-selection. The latter can be further divided into two groups. One is measurements and data reading of serving cell. The other is measurements and data reading of neighbour cells. 
The procedures and sub-procedures of idle mode task are described as following:
· Measurements for cell selection: normal cell selection or stored list cell selection are two options for cell selection based on whether or not MS has prior knowledge of which RF channels are BCCH carriers.
· Normal cell selection: 
1) The MS shall search all RF channels within its bands of operation, take readings of received RF signal level on each RF channel, and calculate the RLA_C for each. A multi band MS shall search all channels within its bands of operation as specified above. 
2) BCCH carriers can be identified by, for example, searching for frequency correction bursts. On finding a BCCH carrier, the MS shall attempt to synchronize to it and read the BCCH data.
3) If a suitable cell is selected, decode the full BCCH data of the serving cell

· Stored list cell selection: The stored BCCH carrier information (BCCH list) can be used by the MS to search suitable cell to camp. If stored list cell selection is not successful, then normal cell selection shall take place.
· Measurements for cell re-selection

· measurements and data reading of servicing cell
1) Monitor of received signal level of serving cell
2) Monitor BCCH data of the serving cell at least every 30 seconds
3) Read PCH data 
· measurements and data reading of neighbour cells
1) Monitor all BCCH carriers as indicated by the BA list
2) Identify BSIC for 6 strongest neighbour cells

3) Reconfirmation BSIC for 6 strongest neighbour cells at least every 30 seconds
4) Identify new 6 strongest cells BSIC and BCCH data.
5) Read BCCH data for 6 strongest neighbour cells at least every 5 minutes
2.2 Power consumption of MS in idle mode
Based on the procedures described above and some system parameters assumptions given in Table 1, the power consumption of MS in idle mode are tabulated in Table 2.
Table 1 Assumptions for system parameters
	Parameters
	Value

	DRX cycle（s）
	15 note1

	The number of RF channels or BCCH carriers searching for cell selection
	124note2

	The number of RF channels or BCCH carriers to be identified before a suitable cell is selected
	10

	The number of System Information of serving cell to be read
	5

	the number of non‑serving cell BCCH carriers in BA list
	32

	The number of new BCCH carriers which become one of the 6 strongest non‑serving cell BCCH carriers
	1


Note 1: The longest paging cycle for MS supporting the split pg cycle option is utilized here. When The SPLIT_PG_CYCLE value is set to 1, the mobile station operates with the longest paging cycle of 64 51-multiframes on CCCH.
Note 2: normal cell selection and stored-list cell selection are unified to the number of channels to search.
Table 2 power consumptions for MS in idle mode
	procedure
	sub-procedure
	窗体顶端
occurrence窗体底端
	power consumption for each sub-procedure 
(uJ)
	power consumption for 1 day(uJ)

	Measurements for cell selection

　
	Search RF channels or BCCH carriers in BA list
	switch on or from non-service area into the service area
	40145 
	40145 

	
	Identify BCCH carriers, synchronize to it and read the BCCH data
	
	993308 
	993308 

	
	decode the full BCCH data of the serving cell
	
	17077 
	17077 

	Measurements for cell re-selection (neighbor cells part)
	monitor all BCCH carriers as indicated by the BA list
	DRX cycle
	0 note 1
	0 

	　
	identify BSIC of 6 strongest 
	once
	555000 
	555000 

	　
	reconfirm BSIC of 6 strongest 
	every 30s
	640 
	1844308 

	　
	identify BSIC and decode BCCH data for the new BCCH carrier which become one of the 6 strongest
	every 1hnote 2
	99331 
	2383938 

	　
	decode BCCH data of 6 strongest 
	every 5min
	40985 
	11803569 

	Measurements for cell re-selection (serving cell part)
	monitor of received signal level of serving cell
	DRX cycle
	0 note 3
	0 

	　
	monitor BCCH data of serving cell
	every 30s
	3415 
	9836308 

	　
	read PCH 
	DRX cycle
	1708 
	9794118 

	total
	
	
	
	37267770 


Note 1: MS monitors the received signal levels of non‑serving cell BCCH carriers during the time of the paging block that it is required to listen to. The power consumption is calculated in the PCH reading part.
Note 2: MTC devices usually work in stationary or low mobility environment. The neighbour cells of MS change infrequently. The assumption is: only one new BCCH carrier becoming one of the 6 strongest neighbour cells happens every 1 hour in 1 day.
Note 3: MS monitors the received signal levels of serving cell during the time of the paging block that it is required to listen to. The power consumption is calculated in the PCH reading part.
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Figure 1 power consumption distribution of MS in idle mode with existing specification
It can be seen that the measurements for neighbour cells occupy quite large portion of total power consumption (45%) and the monitoring BCCH data of serving cell consumes almost half part power in the measurements for serving cell. It should be noted that the power consumption in sleep mode (MS powering down mode when no measurements or monitoring task is needed) is not involved here. Relevant analysis is FFS.
3 Optimized procedure in idle mode
From the observations in Figure 1, optimized procedures in measurements for neighbour cell are valuable for power saving. On account of stationary or low mobility of MTC devices, cell re-selection occurs infrequently. Neighbour cells do not require continuous measurements. It is proposed to make the measurements for neighbour cells an event-triggered procedure. The events which can trigger the measurements can be the path loss criterion parameter C1 less than a threshold, there is a downlink signalling failure, etc. And the measurements can be stopped after a new suitable cell is selected. The measurements for neighbour cells can be further optimized. Very limited BCCH carriers in BA list and smaller number of strongest neighbour cells need to be monitored. The occurrence of each sub-procedure in the measurements can be further decreased. 
For example, the following parameters are utilized in the optimized procedure:
· Only 3 carriers in BA list are monitored;
· Only the first and second strongest neighbour cells are monitored;

· Occurrence of reconfirm BSIC of 6 strongest extended to every 300s;
· Two trigger events happen in 1 day and 1 hour measurements for neighbour cells for each trigger are needed for a suitable cell re-selection.
Table 3 power consumption for Triggered measurements of neighbor cell
	power consumption (ref)
	power consumption (proposal)
	power saving ratio

	37267770 
	21582616 
	42.1%


The comparison between power consumption with existing specification and optimized procedure are shown in Table 3. The power saving ratio is up to 42%. The distribution of the power consumption is given in Figure 2.
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Figure 2 power consumption distribution of MS in idle mode with optimized measurement procedure
Based on the observations in Figure 1 and Figure 2, monitoring BCCH data of serving cell also consumes a large part of power. Extended BCCH data monitoring cycle will further decrease the power consumption. Table 4 and Figure 3 present the results of power consumption evaluation with extended 300s cycle of monitoring BCCH data of serving cell. It can be seen that there is more than 65% power saving ratio.
Table 4 power consumption for further extend cycle of monitoring BCCH data
	power consumption (ref)
	power consumption (proposal)
	power saving ratio

	37267770 
	12729940 
	65.8%
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Figure 3 power consumption distribution of MS in idle mode with optimized measurement procedure and extended cycle of monitoring BCCH data
4 Discussion

MS power consumption of some procedure in idle mode was depicted in [2]. But there are great differences in the figures between [2] and this paper. It is considered from the sourcing company that some system parameters and procedures are not clear enough. And the power consumption is related with some parameters vendor specific (e.g. Rx current). In view of the fair comparison between candidates from different companies and clear understand of each candidate, the following proposals for power consumption evaluation are listed:
Proposal 1: Uniform assumptions for system parameters in Table 1 are proposed to be used in the study when evaluating the power consumption in idle mode. The specific value of each parameter can be further discussed.
Proposal 2: The framework of procedure and sub-procedure in idle mode in Table 2 is proposed to be used as baseline when evaluating the power consumption in idle mode. The new procedure can be added into the table. And the optimization of legacy procedure should be clearly stated.
Proposal 3: Power consumption values are derived from the product of the time duration, work current and work voltage. In order to avoid unclear vender specific work parameters, the uniform work current and work voltage are proposal to be used. Otherwise the time duration value can be regarded as the key factor of power consumption without considering vender specific parameter. It is proposed to clearly state time duration value in power consumption evaluation.
5 Conclusions

In this contribution, the power consumption of MS in idle mode according with current specification is given as the reference case. Two proposals of procedure optimization in idle mode (event-triggered measurements for neighbour cells and extended cycle of monitoring BCCH data of serving cell) are presented and the gains of power saving ratio 42% and further 65.8% are evaluated.
In view of the fair comparison between candidates from different companies and clear understand of each candidate, three proposals of power consumption evaluation are given.
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