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Discussion
1
Introduction
One of the goals of the initial phase of the EDDA WI [1] is “determination of connected mode configurations that enable UE power consumption comparable to idle mode”. To achieve this, there should first be an evaluation of what the power consumption during idle mode is. 
2
Power consumption during idle mode
During RRC_IDLE, a UE is (naturally) mostly idle. It is expected to perform cell selection/reselection, to do the related measurements, check for paging (i.e. listen to PDCCH) during every paging DRX period. A Rel’10 UE may be also requested to perform logged MDT functionality.

In addition to these procedures, some power is consumed in UE internal processing and any user-initiated actions (e.g. playing around with the phone without being connected to network causes the screen to be active, which may be a significant currency drain). However, from radio interface point of view, it is rather difficult to consider such things, as the RAN does not really affect the current consumption of such things. The UE processing required during RRC_IDLE mode is also comparable to similar processing during connected mode.
3
UE Activity during RRC_IDLE 
3.1
Paging reception 
In RRC_IDLE, UE is expected to listen to the paging occasionally, dependent on the parameters signalled in SIB2 for paging reception. If paging DRX is used, a UE is expected to listen to one paging occasion (PO) per paging cycle, so the RF activity is comparable to a normal PDCCH reception during DRX in RRC_CONNECTED. The UE would also typically have to wake up slightly earlier than the actual PO to do channel estimation. This can be accounted for by e.g. adding 1 ms to RF activity required for paging.
Observation 1: With paging DRX, UE requires 2 ms of RF activity for checking PO.
3.2
Measurements 
UE is also expected to do RRM measurements for mobility purposes, more specifically the measurements required for cell selection and reselection purposes. We make the following observations:
· The time for cell search measurements is roughly 6 ms, assuming that the network is not SFN-synchronised. 

· If inter-frequency cell search is done, we can assume further 6 ms would be required (same time as for a measurement gap: Includes UE RF retuning time)
· In the worst case, according to 36.133 [2], if UE is not camping on highest priority layer, we may assume that UE is doing higher priority layer searches as per follows:

· “The UE shall search every layer of higher priority at least every Thigher_priority_search = (60 * Nlayers) seconds, where Nlayers is the total number of configured higher priority E-UTRA, UTRA FDD, UTRA TDD, CDMA2000 1x and HRPD carrier frequencies and is additionally increased by one if one or more groups of GSM frequencies is configured as a higher priority”

· Given that at most the search is done once/60 seconds, the effect is small compared to the RF activity of intra-frequency searches.

· S-measure can affect the measurement activity: If UE is camping on an area where it is only required to do serving cell measurements, cell searches can be skipped
· Serving cell measurements can typically be done during the PO subframe, i.e. the serving cell measurements do not add anything to RF activity.

· UE monitors the SI change every now and then. The frequency of such activity can be comparable to the higher priority layer searches, i.e. is mostly negligible.

Based on these observations, we can conclude the following:

Observation 2: In a typical case (no S-measure or serving cell worse than that), UE measurments require 6 ms of RF activity per paging frame.

3.3
UE internal processing 

UE is also expected to do RRM measurements for mobility purposes, more specifically the measurements required for cell selection and reselection purposes. For example, the measurements require some processing (checking against reselection rules). Compared to RF activity this would typically require very low power, but it is a constant factor in idle mode power consumption nevertheless. However, in a simple evaluation, we can simply assume the processing increases the power consumption during the RF activity by a small constant factor, e.g. 10 mW. 
Observation 3: Since UE internal processing in idle mode consumes very little power, it can be left out from the power consumption evaluation for idle mode.

NOTE: Factors like power consumption due to phone display and application usage also have an effect, but as such are not relevant from radio viewpoint we are not considering them here.
3.4
Estimating idle mode power consumption 

Based on the previous sections, we make the following observation:
Observation 4: UE RF activity provides a good measure for idle mode power consumption estimates.

Considering the approach taken in e.g. [4], we can count that while RF is on, the UE would be receiving PDCCH but not data, and while in DRX, UE would (typically) enter a state of “deep sleep”. Hence, we can make the following calculation based on the UE RF activity and paging monitoring cycle:

Assumptions:

· UE RF activity period per paging cycle = A = 6 ms

· Paging cycle = X ms (Assume X1 = 160 ms or X2 = 320 ms)

· UE has a battery with Y mAh capacity (assume Y = 800 mAh for this example)

· Battery voltage = U = 3.7 V

· Deep sleep current consumption = D = 0 mW (as per [Nokia DRX])

· Paging reception/measurements current consumption = M = 250 mW 
· UE processing activity: 10 mW / paging cycle

· Transition from deep sleep to reception state (also as per [4]): 50 mW/1 TTI
Based on these, we can calculate the power consumption (in mW) for a single DRX cycle by simply adding up the power consumption values for the RF activity period: 50 mW for waking up, 250 mW/TTI for 6 ms of RF activity, 10 mW of processing and 0 mW for X – 6 ms of deep sleep. Taking an average of these, and applying simple physics, we can calculate the following stand-by time for a UE in idle mode. 

· Assume the UE battery is drained with voltage U and power P . The battery life can be estimated according to
Battery life [h] = B [Ah] / (P [W]/U [V]) = U*B / W
From this, we can calculate an estimate of the idle mode power consumption, see Table 1 below.
	DRX Cycle [ms]
	Stand-by time [h]

	160
	254.62

	320
	509.25


These numbers are quite big compared to the connected mode estimates, but it should be remembered that these are estimates, not real battery life numbers (as mentioned, e.g. the phone display may cause a huge power consumption effect that is not dependent on the radio conditions). The intention is to illustrate a simple way to estimate the power consumption impact in order to calculate the effect of various parameters.

4
Conclusion
The power consumption during RRC_IDLE was discussed and briefly evaluated. The simplest way is to use RF activity only, but measurement and other processing should also be considered. We have presented a simple way to estimate the power consumption in RRC_IDLE mode, to compare against power consumption in RRC_CONNECTED.
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