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Event-triggered Neighbour Cell Measurement
Background
As described in [1], in current specification, measurements for cell re-selection in idle mode include the measurement and BCCH data reading of both serving cell and neighbour cells, and the power consumption used for neighbour cells measurement accounts the major proportion.
Such power consumption for the legacy UE is necessary to assure the service when the users are moving. The signal level of serving cell should be always the best. However, for the MTC devices, which are characterized by low mobility or stationary, the neighbour cells measurement can be simplified. An optimized measurement for neighbour cells is proposed in this paper.
This paper is an update of GP-140859 presented in GERAN#64, and major changes are highlighted in red.
Legacy measurement for neighbour cells
In the draft TR, the procedures of packet idle mode include measurements for cell selection and cell re-selection and PCH reading as reference case assumptions. The procedures of measurements for cell re-selection are as follows.
· measurements and data reading of serving cell
· monitor of received signal level of serving cell (accompanied with PCH reading)
· monitor BCCH data of the serving cell (once per 30 seconds)
· measurements and data reading of neighbour cells
· monitor all BCCH carriers as indicated by the BA list (accompanied with PCH reading)
· identify BSIC for 6 strongest neighbour cells (once switch on or from non-service area into the service area)
· reconfirm BSIC for 6 strongest neighbour cells (once every 30 seconds)
· identify new 6 strongest cells BSIC and BCCH data (once every 1h)
· read BCCH data for 6 strongest neighbour cells (once every 5 minutes)
Monitoring the signal levels of serving cell and neighbour cells is accompanied with PCH reading.


Figure 1. Legacy periodic measurement
Optimized measurement for neighbour cells
To simplify the neighbour cells measurement, it’s proposed that measurements and data reading of neighbour cells are triggered by several events as shown in Figure 2. Consequently, the UE should only perform the periodic measurements and data reading of serving cell in measurements for cell re-selection.

 (
Event B
) (
Event A
)Figure 2. Optimized periodic measurement
Event A: happens when the UE is reading PCH. It could be PCH decoding error for several times or the low signalling of serving cell. 
Event B: happens when the UE is monitoring the BCCH data of serving cell. It could be decoding error or synchronization error for several times.
When Event A/B happens, the neighbour cells measurement is triggered as follows and shown in Figure 3.
· Step 1: UE starts to monitor all BCCH carriers as indicated by the BA list, and get the 6 strongest neighbour cells. If it is the first time Event A/B happened, the UE identifies BSIC for 6 strongest neighbour cells. Else, the UE reconfirms BSIC for 6 strongest neighbour cells. 
· Step 2: If UE recognizes that a new BCCH carrier has become one of the 6 strongest, UE should identify BSIC and decode BCCH data for the new BCCH carrier. 
· Step 3: If there is no new BCCH carrier of the 6 strongest, the UE tries to read the BCCH data of the 6 strongest neighbour cells. If such events have happened before and the BCCH data of part or all of the 6 strongest neighbour cells have already been stored which are still in the valid period, this step can be omitted. 
After the above procedures, the UE can perform the reselection algorithm as legacy mechanism. When the UE decides to reselect to a new cell, the neighbour cell measurement is completed and the UE acts as shown in Figure 3 in the new cell.


Figure 3. Event-triggered neighbour cells measurement
Evaluation and discussion
· Evaluation with legacy DRX cycle
5 min frequency MT report is selected as a sample, and the evaluation period is 1 day. The power consumption is calculated base on the parameters of network triggered traffic model in the latest draft TR [2], and operating current and voltage in [3]. 
And the following parameters are utilized in evaluation for legacy and optimized measurement mechanism:
· DRX cycle is 15s (the longest paging cycle in the specification [4]).
· The time of RSSI with 32 I,Q samples is 1ms (which is implementation dependent)
· [bookmark: _Ref380409926]Two triggered events happen in 1 day, and 1 hour measurements for neighbour cells for each trigger are needed for a suitable cell re-selection.

Table 1. Power consumption in packet idle mode
	Procedure
	sub-procedure
	operation
	occurrence
	Energy consumption for each sub-procedure
(uJ)
	Legacy: occasion number in 1 day
	Legacy: energy consumption in 1 day
 (uJ)
	Optimized: occasion number in 1 day
	Optimized: energy consumption in 1 day
(uJ)

	
	
	
	
	
	
	
	
	

	Measurements for cell selection Note1
	RF signal receiving
	Monitor BCCH carrier
	switch on or from non-service area into the service area
	8184.00 
	1.00 
	8184.00 
	1.00 
	8184.00  

	
	Identify BCCH carriers in the list
	BSIC Identification
	
	1751.77 
	1.00 
	1751.77 
	1.00 
	1751.77 

	
	decode the full set of BCCH data of the serving cell
	Rx - 4 radio block
	
	1127.23 
	1.00 
	1127.23 
	1.00 
	1127.23 

	Measurements for cell re-selection
	Monitor of received signal level of serving cell
	Monitor BCCH carrier
	DRX cycle
	66.00
	5760.00 
	380160.00
	5760.00 
	380160.00

	
	Monitor BCCH data of the serving cell
	Rx - One radio block
	once every 30s
	281.81 
	2880.00 
	811603.58 
	2880.00 
	811603.58 

	
	Monitor all BCCH carriers as indicated by the BA list
	Monitor BCCH carrier
	DRX cycle
	1056.00 
	5760.00 
	6082560.00
	480.00 
	506880.00

	
	identify BSIC of 6 strongest Note1
	BSIC Identification
	once
	1051.06 
	1.00 
	1051.06 
	1.00 
	1051.06 

	
	reconfirm BSIC of 6 strongest
	BSIC Reconfirmation
	once every 30s
	342.74 
	2880.00 
	987085.44 
	240.00  
	82257.12 

	
	identify BSIC and decode BCCH data ( only SI3) for the new BCCH carrier which become one of the 6 strongest
	BSIC Identification and Rx - One radio block
	once every 1h
	456.98 
	24.00 
	10967.62 
	2.00 
	913.97 

	
	decode BCCH data of 6 strongest ( only SI3)
	Rx - One radio block
	once every 5min
	1690.84 
	288.00 
	486962.15 
	24.00
	40580.18  

	PCH reading
	read PCH
	Rx - One radio block in serving cell
	DRX cycle
	278.51 
	5760.00 
	1604199.17
	5760.00
	1604199.17 

	Deep sleep
	
	
	
	
	
	28130.79
	
	28130.79

	Total
	
	
	
	
	
	10403782.81
	
	3466838.87


Note1: These procedures may only need once when UE power on, but the power consumption value is low and can be neglected in the following discussion and comparison.
The legacy power consumption in packet transfer mode is preliminarily evaluated, only including data transmission, and from sourcing company’s view the power consumption of NAS signalling (Attach/PDP activation/RAU) for 5 min frequency report is neglected. As shown in Table 2 it is up to 20.9% power consumption used in packet idle mode, thus it is necessary to optimize procedures in packet idle mode to reduce power consumption on UE side.
Table 2. Legacy power consumption per day
	power consumption in packet transfer mode (uJ) 
	power consumption in packet idle mode (uJ)
	ratio of packet idle mode

	39,389,285.33Note2
	10,403,782.81
	20.9%


Note2: The procedure described in [5] is taken a reference, and Non-DRX and USF monitoring are also considered.
And the power consumption comparison in packet idle mode and total power consumption comparison between existing specification and optimized procedure are shown in Table 3. The power saving ratio in packet idle mode is up to 66.7%, and total power saving ratio is up to 13.9%.
Table 3. Power consumption comparison per day
	
	legacy power consumption (uJ) 
(legacy)
	power consumption (uJ)
(proposal)
	power saving ratio

	consumption in packet idle mode
	10,403,782.81
	3,466,838.87
	66.7%

	total consumption
	49,793,068.14
	42,856,124.20
	13.9%



· Evaluation with eDRX cycle
The eDRX principle proposed by Ericsson was agreed in GERAN#64, thus the power consumption evaluation of simultaneously using proposal method and eDRX is offered in this paper. The eDRX cycle is assumed 30 seconds for 5 min frequency MT report, and the other parameters are the same as the above evaluation. In this case, the power saving ratio in packet idle mode is up to 65.1% and total power saving radio is up to 9.0%.
Table 4. Power consumption comparison per day combined with eDRX
	
	power consumption (uJ) 
(legacy)
	power consumption (uJ)
(proposal + eDRX)
	power saving ratio

	consumption in packet idle mode
	6,370,355.98
	2,221,252.04
	65.1%

	total consumption
	45,759,641.31
	41,610,537.37
	9.0%


Conclusion
An Event-Triggered neighbour cells measurement for idle mode is proposed to applied in MTC device in idle mode for power saving. Such an optimization has no impact on the current MO and MT service. Furthermore, significant benefit can be found compared with legacy mechanism and simultaneously implemented with eDRX.
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