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On Evaluation of Power Consumption of different MS tasks
1. Introduction

The evaluation of solution proposals for the ongoing uPoD study item [1] requires the definition of a unique evaluation method to allow for both quantification and fair comparison of power saving gains. The MTC device has several tasks that may have a significant impact on the power consumption. This contribution attempts to  list those tasks, as executed by a mobile station, and proposes some assumptions for applying them to the MTC device being considered in this study. Additionally a discussion on assessing the power consumption shares of relevant tasks is provided and a proposal is made.
2. Tasks of A MTC device affecting power consumption
The tables below depict the tasks that a MTC device may perform in idle mode (CS idle or packet idle mode) or connected mode (dedicated mode / packet transfer mode), and that are judged to have an impact on the total power consumption. The tables refer to MS tasks in the GERAN specifications, which assume the mobility profile of a mobile station. Modifications of the tasks for MTC devices are also discussed.
Table 1. MS / MTC device tasks in idle mode.

	Task
	Description for MS
	Assumptions for MTC device

	Network scan
	· Non-periodic reception task.

· Done after power-on. First search is based on stored frequencies of Home PLMN. If Home PLMN is not found, MS performs complete scan of frequency bands to identify Equivalent PLMN’s by evaluating BSIC’s.

· Done also if the MS loses sync to serving cell.
	· Power consumption for one network scan will be similar as for MS. 

· The conditions for a network scan depend on the mobility type of the MTC device (stationary / non-stationary).

· Power consumption for stored frequency search and complete scan should be distinguished based on typical search times. 

	Neighbour Cell (NC) monitoring
	· Periodic reception task (after initial network scan). 

· Performed during non-DRX periods (typically 1 measurement for each NC per non-DRX period, see [3]).
	· Power consumption depends on length of non-DRX period influencing active time of receiver. 

· Power consumption depends on neighbour cell list size. A neighbour cell list of 12 is proposed aligning to other studies in GERAN (e.g. on BTSEnergy, see [3]).

	BSIC search and decoding 
	· Periodic reception task. 

· Done for each detected neighbour cell before cell selection
	· It was commented during the the discussions for the BTSEnergy study that this task has a minor impact on MS power consumption. Thus proposed to be neglected.

	Cell selection 
	· Periodic reception task.

· At least 5 receive level measurements are taken per neighbour to derive average receive level (RLA_C value) determined every 3 to 5 seconds.
	· Power consumption depends on the time of reception (i.e. on the number of samples for one neighbour cell and the averaging window) and of the periodicity.

· This task may be periodic or non-perodic for a MTC device (for instance depending on its mobility type). In any case it needs to be considered. 

	Reading system information
	· Non-periodic or periodic reception task.

· Non-periodic: Once BSIC of a cell belongs to Home or Equivalent PLMN, MS performs reading the set of configured system info messages for this cell. A maximum time of 1.9 second is allowed for reading the BCCH data for a given cell (45.008). After cell selection the MS is only allowed to camp on a cell (i.e. to access the cell and send IMSI attach message) once it has read all system info messages for this cell. 

· Periodic: Check of system info change mark indication for serving cell. Refreshing set of system info messages if the change mark is set.
	· Power consumption for reading system information should be considered for an MTC device based on the required set of system info messages. 

· Power consumption for reading system info messages is expected to increase linearly with the number of received messages. 

· Power consumption will also depend on whether the system info change mark indication is periodically or non-periodically checked by an MTC device.

	Measurement reporting 

(based on Network Control mode)
	- NC0 (no measurement reports sent by MS in idle mode) => no impact on power consumption.

- NC1 (MS is commanded to send (periodic/non-periodic) measurement reports in idle mode) => impact due to (periodic/non-periodic) reception and transmission.
	- It is assumed that an MTC device will not send measurement reports to the network in idle mode (NC0 is used).

	IMSI Attach and Detach procedure
	· Non-periodic transmission task.

· MS sends attachment / detachment message to serving cell after power-on / before power-off.
	· Attach and detach procedures should be considered for power consumption evaluation of a MTC device, since involving transmission and significant compared to overall transmission time. 

	Location Area Update

(MS in idle mode)
	· Either non-periodic or periodic reception and transmission task.

· Non-periodic: At LA boundaries sent autonomously by the MS

· Periodic: if request is triggered by the network (e.g. every 30 min)

· MS performs channel request procedure (cause LAU).
	· MTC device is considered to send packet data only.

· Thus only packet idle mode is relevant and Location Updates are not applicable.  

	Routing Area Update

(MS in packet idle mode)
	· Either non-periodic or periodic reception and transmission task.

· Non-periodic: At RA boundaries sent autonomously by the MS

· Periodic: if request is triggered by the network (e.g. every 30 min)

· MS performs channel request procedure (cause RAU).
	· In terms of power consumption assumed to be different for stationary / non-stationary MTC device. Thus both mobility types should be distinguished here.

	Reading paging channel
	· Periodic reception task. 

· depends on parameter BS_PA_MFRMS range: 2 to 9 BCCH multiframes (470..2115 ms)
	· This task is connected to measurement of neighbour cells in non-DRX periods. Assumptions taken in the BTSEnergy study, see [3], could be reused.

	Responding to paging requests

(Mobile Terminated Call)
	· Non-periodic transmission task.

· MS performs channel request procedure (cause paging request).
	· For an MTC device maximum pathloss assumption applies, hence full transmit power for the paging response should be considered. 

	Channel request 

(Mobile Originated Call)
	· Non-periodic transmission task.

· MS performs channel request procedure (cause CS or PS service request). 
	· For an MTC device maximum pathloss assumption applies, hence full transmit power for channel request should be considered.

	Synchronization to serving cell
	· Ongoing receiver task.

· requires high stability of crystal oscillators, if MS is not permanently reading FCCH and SCH of serving cell.
	· Power consumption of state-of- the-art MTC modules in standby mode should be considered. 


Table 2. MS / MTC device tasks in Connected mode.

	Task
	Description for MS
	Assumptions for MTC device

	Network scan
	· Non-periodic reception task.

· Done only if the MS loses sync to serving cell or after failed handover (CS) or failed cell reselection (PS).
	· As for idle mode a distinction should be done on the mobility type. The evaluation could be based on an assumed failure rate of e.g. 1 % of cell reselections in connected mode.

	Neighbour Cell (NC) monitoring
	· Periodic reception task. 

· Performed in each TDMA frame except idle frames (typically 1 NC measurement per TDMA frame, see [3]).
	· Assumptions on MS behaviour should be copied from the BTSEnergy study (MSC 1 MS), see [3].

	BSIC search and decoding 
	· Periodic / non-periodic reception task. 

· Periodic: idle frames (CS/PS) are used for BSIC search and decoding (4 idle frames in 480 ms). BSIC refreshment done every 10 seconds for known neighbour cells (45,008).
· Non-periodic: task is immediately executed if new neighbour cell is detected (on frequency indicated on BA list). 
	· Same applies as for idle mode.

	Cell reselection 
	· Periodic reception task in packet transfer mode.

· Cell reselection parameters are sent by the network to the MS (e.g. periodicity).
	· Has lower relevance for MTC power consumption than in idle mode. 

· This task may differently impact the  MTC device (for instance depending on its mobility type).

	Reading system information
	· No impact since transported over existing associated control channel (i.e. SACCH or PACCH).
	· No impact since sent in associated control channels. Power consumption in connected mode is mainly depending on achievable user throughput.

	Measurement reporting
	· Periodic transmission task.

· Sent in associated control channel (SACCH, PACCH) using Measurement Report or Packet Measurement Report message or PDAN message.
	· No impact since sent in associated control channels. Power consumption in connected mode is mainly depending on achievable user throughput. 

	Location Area Update

(MS in dedicated mode)
	· No impact since done after finishing the call and entering idle mode.  
	· Impacting idle mode power consumption. 

· Not applicable for MTC device if PS only support is targeted.

	Routing Area Update

(MS in packet transfer mode)
	· No impact since done after moving from packet transfer to packet idle mode.  
	· Impacting packet idle mode power consumption. 



	Reading paging channel
	· No impact since transported over existing associated control channel (e.g. PACCH, when receiving a CS paging request).
	· No impact.

	Responding to paging requests
	· No impact since Paging Response is sent over existing associated control channel (e.g. PACCH, when receiving a CS paging request).
	· No impact.

	Handover access request 
	· Non-periodic transmission task.

· MS performs handover access request procedure sending handover bursts. 

· In case of (pre-) synchronized cells the access burst transmission is optional. 

· Transmit power may be reduced as commanded by the network.  
	· Not applicable for MTC device if PS only support is targeted.

	Cell reselection access request 
	· Non-periodic transmission task.

· MS performs packet channel request procedure on RACH sending access bursts. 

· 
	· Higher power consumption due to repeated access burst transmission, depends on assumed cell reselection rate and mobility type of MS. Should be considered in the evaluation.


3. Power consumption of the mobile station
There are several options to calculate the power (and energy) consumption savings of a MS, with different benefits and disadvantages. 
1. Assign a total energy consumption figure for each task described in chapter 2. Energy savings result from the change in the number of times a task is performed.
2. Assign a power (or current) consumption figure for each task. In addition to the number of times the task is performed, also a change in the length of the task may be used for power savings calculation.
3. Assign separate power (or current) consumption figures for the MS in RX mode and in TX mode, as proposed in [2].
4. Define the ratio of power (or current) consumption for the MS in RX mode and in TX mode.

Options 1-3 would require an agreement on which exact figures to be used. As this information is typically classified, some estimated values would be needed.
Option 1 is simple, but may not be sufficient for evaluating many solutions.

Option 2 offers more flexibility in evaluating solutions than option 1, but there may be solutions that cannot be evaluated by this method.

Options 3 and 4 allow for more accuracy and flexibility than 1 and 2, while requiring also more accurate reporting of the assumptions used in the evaluations.
Option 4 does not enable calculation of absolute energy savings, but proportional savings should be sufficient for the SI purposes.

In summary an evaluation in terms of relative power consumption shares for each relevant task (say in steps of [5%] of the total power consumption) should be targeted. Candidate solutions may then prove to decrease the shares of specific tasks without compromising the service quality in a significant manner.
4. Conclusion

The sourcing company proposes that GERAN agree on a method to evaluate the power consumption, and assess the actual power consumption shares of specific relevant tasks to be used in the evaluations. In particular input form MS and chipset vendors is requested to support this effort.
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