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1. Introduction

In the Energy Saving study item [1], a question was raised about the impact of the BS probing solution [2] (also known as the UE measurements solution in [1]) on UE battery consumption. Both intra-frequency (intra-RAT scenario) and inter-frequency (intra-RAT and inter-RAT scenarios) cell detection and measurement typically impact UE battery consumption but somewhat differently. A single inter-frequency cell detection and measurement cost more in terms of battery consumption in comparison to an intra-frequency measurement due to the extra frequency acquisition cost. However, there are many other system parameters which eventually dictate the relative impact of intra-frequency measurements versus inter-frequency measurements on battery consumption.
This contribution shows via an analysis that the BS probing mode has a minimal impact on UE battery power consumption. 

2. Evaluation of UE battery power consumption
UE battery power consumption breakdown
Figure 1 is a graphical representation of the breakdown of power consumption (on average) for an active 3G UE, according to an analysis done in [3]. As we can see for the active UE, the battery consumption due to cellular operations (i.e. in case of BS probing performing measurements and transmit events) is only around 22% of the total battery consumption.
[image: image1.emf]
Figure 1: UE power breakdown in active mode.

Next to this power consumption breakdown of an active UE the BS probing impact analysis in this contribution focuses on estimating the relative increase in UE battery consumption in the case of BS probing.
Analysis of increase in UE battery power consumption due to the BS probing solution
The scenario under investigation is a UE located in a coverage cell with an additional N hotspot cells as presented in Figure 2. Note that N=4 only for illustrative purposes.

[image: image2.emf]
Figure 2: Scenario to evaluate UE battery power consumption.

The analysis is entirely based on worst use case assumptions so that an upper bound of the increase in UE battery consumption is estimated. The worst case assumptions are that the reference UE under consideration is always located in a coverage cell with hotspots that have energy saving functionality and the reference UE is always performing intra- or inter-frequency measurements (and reporting if needed) whenever BS probing is performed to switch on one (or more) of the hot-spot cells. During a one day period the reference UE will have active and idle periods as presented in Figure 3.

[image: image3]
Figure 3: UE battery power consumption in idle and active state during one day

The assumption here is that the reference UE battery usage is BI and BA whenever the UE is idle or active, respectively, while no BS probing is taking place during the day. Further, ΔI and ΔA are the additional battery power usages if the reference UE performs additional measurements (and reporting if needed) due to BS probing while idle or active, respectively. For cases where the hotspots operates on a different carrier frequency from the coverage cell, one would expect ΔI and ΔA to be higher than if hotspots operate on the same carrier frequency as the coverage cell. This is because of the additional battery power needed for inter-frequency tuning.

For the purpose of analysis, a worst case assumption is that in the reference case (i.e. where the battery usage is BI and BA) the UE does not take any measurements of neighbour cells because the cell reselection (during idle periods) and handover measurement thresholds (during active periods) are not exceeded. 
Denote with tI and tA the total idle and active time-minutes, respectively, of the UE during the day. Then, for the reference daily average UE battery power consumption we can write:
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Denote with tI,prob and tA,prob the total time (minutes) in idle and active mode respectively, where the UE is also involved in BS probing measurements and reporting. The daily average UE battery power consumption in case of deployed BS probing mode can be calculated as:
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For simplicity assume that the additional battery power usage in idle/active mode while probing is equal ΔI = ΔA = Δ. Then, we can write:
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Note here that tI,prob + tA,prob = tprob is the total amount of probing time-minutes that the reference UE (idle or active) is involved in during the day. For simplicity we can represent the additional battery power usage Δ as a fraction of the reference average daily UE battery power usage as Δ = αBREF. Then we can write:


[image: image9.wmf]ú

û

ù

ê

ë

é

+

=

60

*

24

1

prob

REF

PROB

t

B

B

a

 or,

[image: image10.wmf][%]

100

*

60

*

24

[%]

prob

REF

REF

PROB

t

B

B

B

a

=

-


The total probing time tprob during the day depends on the number of hot-spot cells (N), the duration of the probing interval and the number of switch ON/OFF occurrences during one day. For the BS probing solution it is envisaged that a probing interval lasts typically up to 5 minutes. Assume that in the typical case the hot-spots are switched on/off once or twice per day [4]. If it is assumed that hotspots are switched one at a time, again as a worst case, the system will enter into BS probing mode N times until all hotspots are switched on. Correspondingly, if each hotspot is switched on/off once per day, during the whole day we have N probing intervals or tprob = N×5 min total probing time. Then, we can write:
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 for switching on/off twice per day
It should be noted that the factor α may vary depending on the number of carrier frequencies used for the hotspots. For example, in the unlikely case that every hotspot uses a different carrier frequency, it could be expected that α is higher than if all hotspots use the same carrier frequency. This is because of the need to tune to new frequencies when doing inter-frequency measurements.
The average relative daily UE battery power increase for different number of hot-spot cells N and assuming different percentages α for the additional UE battery power usage while probing is presented in Figure 4.
[image: image13.emf]Relative average daily UE battery power increase for alpha = 0.05, 0.1, 0.15, and 0.2
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Figure 4: Relative daily UE battery power usage increase assuming each hotspot is switched on/off twice per day. These values should be scaled down by factor 2 for the scenario when each hotspot is switched on/off once per day.
Note that for typical deployments of e.g. N= 4 hotspots per coverage cell the UE battery power usage increase is up to approximately 0.55% even for two switches on/off per day and α=0.2 (which means that the additional UE battery usage due to BS probing in idle/active mode is actually 20% higher than the average battery usage during the day, BREF). For extreme cases of e.g. N=8 hotspot cells per coverage cell, the UE battery power increase (compared to the average daily power usage) is roughly 1.1%.
It is important to stress here that the results in Figure 4 are based entirely on worst case assumptions. Therefore, the increase in UE battery power usage depicted in Figure 4 is actually an upper bound and a substantially lower UE battery usage increase can be expected in practical deployments because:
1) The analysis assumes that in the reference case there is no UE battery consumption for hotspot/neighbour cell measurements. In reality this is not the case because cell reselection/handover thresholds will be exceeded (irrespective if there is energy saving activated or not) and the UEs will perform intra- or inter-frequency hotspot/neighbour cell measurements that consume UE battery power. For example, in a scenario where some of the hotspot cells are constantly active, the UE would already be consuming additional battery power due to additional measurements of neighbouring hot-spot cells; the only additional measurements in the BS probing mode would be for UEs taking measurements of the last few hotspots to be switched on.
2) In practical deployments the probing interval might be significantly shorter than 5 min, especially if only the measurements and reports from active UEs are used in the BS probing solution. For example, if the probing interval is halved (e.g. 2.5 min instead of 5 min) the results in Figure 4 should be scaled down by factor 2.

3) The analysis assumes that the UE is always within the coverage cell where the probing takes place or in other words the analysis assumes that in all coverage cells in the network there are N hot-spots. In practice this is certainly not the case as only a limited/selected number of coverage cells will be accompanied with hotspots, which means also a lower average UE daily battery power consumption increase than what is presented in Figure 4.
It should also be noted that a primary advantage of the BS probing solution is its high accuracy in selecting the most optimal hotspot(s) to switch on. Although there is additional UE battery usage during the probing mode (shown to be negligible in the analysis above), when the relevant hotspot(s) are actually switched on, the UE battery consumption is in fact minimised because the most optimal radio links are activated. The same cannot be said about solution(s) that have less accuracy than the BS probing solution. 

In [5], it is shown that UE battery consumption could vary by as much as 20 to 30% for even small differences in cell reselection parameter settings. In comparison to this relatively high figure, the additional UE battery consumption due to BS probing is negligible.
4. Conclusion 

The analysis presented in this study showed that for typical hot-spot deployments of N=3 to 4 per coverage cell the upper bound (based on worst-case assumptions) of the daily UE battery power usage increase is only a fraction of a percent, even for the worst case scenarios. This result justifies the categorisation of the UE impact as negligible. 
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