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1
Introduction
In the TR36.887 [1] the following problem description for the overlaid scenario is given:
“Problem Description

When load increases in an area served by E-UTRAN coverage cells and several E-UTRAN hotspot cells in that area are not active, the eNB owning the E-UTRAN coverage cells may decide to switch on E-UTRAN hotspot cells including those which are not able to serve the users causing high load. This may result in waste of energy.”
This paper contains a generic analysis of the benefit of the algorithms collecting UE proximity information in the area covered by the hotspot(s). Earlier papers submitted to the Study item on Network Energy Saving for E-UTRAN [4] have not taken the aspects below into account:
- Energy consumed during UE proximity detection.
- The reduced amount of energy used in the coverage providing cell when offloading UEs to a booster cell.

- The smartphone behaviour where UEs frequently switch between idle and connected mode.

These aspects are taken into consideration in this paper and provide some insight on the time and accuracy required by the proximity detection algorithms. 
2
Discussion
Common for the proposed solutions are that they:

1. provide an additional mechanism for the coverage providing cell when deciding if a trigger to activate a booster cell should be sent when angle of arrival estimates, timing advance, statistical means and/or measurement reports from other neighbouring cells are not sufficient to decide if there are UEs close to a booster cell or not.
2.  use an intermediate state where the small cell is either listening or transmitting information over radio but does not receive traffic.
The analysis in this paper uses a macro cell as the coverage providing cell and a pico as the booster cell. The reason is that micro cells are more easily selected using information such as timing advance, angle of arrival, statistical means and/or measurements from neighbouring cells. 
2.1
Notation
Pp: Power consumption in the small cell when dormant
Pb(x): Power consumption in the booster cell where x is Relative RF Output Power
Pmacro(x): Power consumption in the macro cell where x is Relative RF Output Power
Pint:: The extra energy consumed by the booster in the intermediate UE proximity detection state 

Tso is the time until the booster switches off.

2.2 Energy efficiency in a macro-pico deployment

The energy efficiency provided by the different methods takes the energy consumption in both the macro and booster cell into account. Here the pico and macro models used in [2] (figure 29) are used to estimate the change in energy consumption when moving one UE from the macro cell to the pico cell. 

Pmacro(x) = 300 + 7x [W];  x = 0..100: Relative RF Output Power %

Pp(x) = 7.5+0.025x [W];  x = 0..100: Relative RF Output Power %
Assuming that one UE connected to the booster on average would have consumed 1 percent of the Relative Output power used by the macro, the number of UEs which need to be connected for activation of the booster cell can be estimated. Appendix A shows that it is energy efficient to have the cell active when 0.78UEs are connected to it and attainable energy savings increase if higher load is assumed. 
This result is similar to [2] where:

“In other situations a small cell may be barely utilized in daily average, but part of the day it is busy and very much needed for good-quality service. In such cases, adaptive switching has great value from the aspect of energy efficiency. Small cells are installed indoor or outdoor at street level, so they target hotspots, and they typically serve a smaller user population than macro cells. Consequently, the traffic in small cells can be very bursty and sporadic. If the speed of the energy-saving on/off switching scheme allows fast turn-on time, e.g. in the order of 5 – 10 s, then it is worth to activate a small cell even for individual users. The turn on delay is acceptable, since it impacts only the first data sessions.”
Observation 1: It is energy efficient to keep a pico booster in macro cell coverage active if it, on average serves, in the order of one UE. 
Observation 2: An incorrect decision to not trigger the cell activation request increases the energy consumption in the network.
2.3
UE Model
From the UE model introduced in [6] we make the following observation.
Observation 3: If the average number of connected UEs is in the order of one or lower the booster cell can normally enter dormant mode quickly if activated but not serving any UEs.

Conclusion 1: Observation 1 and Observation 3 together show that an implementation can make the active time for an activated booster cell which is used by only a few UEs short, since the cell can switch off when all UEs have entered idle mode.
2.4 Energy Consumption during UE Proximity Detection
To provide any benefit the relevant information need to be available in the coverage providing cell at the time to decide if cell activation shall be requested or not. The proximity detection takes the time T, hence the coverage providing cell needs to start the proximity detection at least the time T before the coverage providing cell estimates that extra resources need to be available (or there is QoS impact). 

The following events may occur:
1. Coverage cell needs resources at time t+T1 < t+T => proximity detection results are not available in time hence not used. The proximity detection algorithm takes the same decision as release-9. The probability for this event is P1.
2. Coverage cell does not need resources at t+T => proximity detection results are ignored since the extra results are not needed. The proximity detection algorithm takes the same decision as release-9. Probability for this event is P2.
3. Coverage cell needs resources at time t+T and the result is available in time. Probability for this event is 1- P1- P2.
a. The booster cell provides help and should be activated. The proximity detection algorithm takes the same decision as release-9. Probability for this event is P3 given event 3.
b. The booster would provide help if activated but the proximity detection algorithm incorrectly selects to not activate the booster. Probability for this event is P4 given event 3.
c. Booster cell does not provide help if switched on hence should not be activated. Energy may in some conditions be saved compared to what is already supported in the standard. Probability for this event is (1-P3-P4) given event 3.
Figure 3 below illustrates the events in a tree diagram. Green indicates an event where the UE proximity detection algorithm could save energy in some conditions and red that it consumes more energy compared to trigger cell activation request to all cells.
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Figure 3: Tree diagram illustrating the probabilities for energy saving gains when UE proximity detection algorithms are used to save energy compared to using already available mechanisms. Red indicates events where the UE proximity detection increases the energy consumption green when energy may be saved in some conditions.

Table 1 below shows the energy consumed for the different events. Note that the energy cost for keeping UEs on the macro during the proximity detection, when the correct decision would have been to immediately activate the booster, is not taken into account. 
	Event
	Probability
	Energy Proximity
	Energy Release 9
	Comment

	1
	P1
	Pint T1
	
	Same decision in release-9 without using extra energy. 

	2
	P2
	Pint T
	
	Same decision in release-9 without using extra energy. 

	3a
	P3 (1- P1- P2)
	Pint T
	
	Same decision in release-9 without using extra energy.

	3b
	P4 (1- P1- P2)
	Pint T
	-Eincorrect
	Eincorrect > 0 is the energy saved by activating the booster by moving UEs from the coverage providing cell. 

	3c
	(1- P1- P2) (1- P3- P4)
	Pint T
	PbTso
	Tso is the time until the booster switches off.


Table 1: The table describes the energy consumption when comparing the energy consumed when UE proximity detection algorithms are used compared to always activate the cell. 
From Figure 3 and Table 1 it is clear that the proximity detection algorithms would consume more energy compared to trigger cell activation to all cells for event 1, event 2, event3a and event3b. Event 3c is the only event which could be beneficial from an energy saving point of view and sets the following necessary but not sufficient requirement on the proximity detection algorithm in order to reduce the energy consumption in the network:
PintT < PbTso
Observation 4: A necessary but not sufficient requirement on the proximity detection algorithms to provide energy savings is that the time T is smaller than Tso Pint/Pb.
Conclusion 2: Conclusion 1 and Observation 4 indicate that the proximity detection time T needs to be short in order to give any benefit.
As shown in figure 29 in [2] the power in the pico consumes about Pb(0)=7.8W when activated without transmitting data (RF output power is 0W), compared to 7.8W - 1.7W = 6.1W when the power amplifier is deactivated. For the methods where the power amplifier is switched off the ratio is 6.1/7.8 ≈ 0.78. Hence the energy consumption in the proximity detection state is in the same order as when the pico is active.

2.5
Previously Discussed Activation Strategies

Our understanding of the proposals in the previous study item is that there are two different strategies to handle the activation of booster cells.
1. Monitoring the resources used in an area for some time and using this information to select a cell to activate. An example of this strategy is shown in [3] where the time is in the order of minutes.

2. Collect proximity information in a short time compared to 1 and decide which cell to wake up.
Some proximity detection mechanisms may be applicable to both strategies but the problems that have to be looked into are different from a statistical point of view. If an algorithm takes a long time it is unclear what the trigger would be to start collecting proximity data and this type of strategy would result in high probabilities for event 1 and event 2 in previous section. On the other hand, an algorithm that is very fast collects a snapshot of the situation but gains limited accuracy since the average active UEs is likely to enter idle mode in 10s. 
Proposal 1: Clarify in the TR the approximate time the proximity detection algorithm is expected to use [5].

Proposal 2: Clarify in the TR the trigger to start the proximity detection in the scenario where it is claimed to save energy [5].

Proposal 3: RAN3 to take into account that the energy consumption for a pico cell in proximity detection state is in the same order as when active.

3
Summary and Proposal
In this paper we have shown that several aspects, which have previously not been taken into account in the evaluation of the UE proximity methods, impact the potential gain of the proposed UE proximity detection.   
Proposal 1: Clarify in the TR the approximate time the proximity detection algorithm is expected to use [5].
Proposal 2: Clarify in the TR the trigger to start the proximity detection in the scenario where it is claimed to save energy [5].
Proposal 3: RAN3 to take into account that the energy consumption for a pico cell in proximity detection state is in the same order as when active.

Proposal 4: Evaluate the energy saving gain for the algorithm taking at least the following aspects into account and capture this in the TR as proposed in [5]:

- the booster cell consumes energy when assisting in or collecting proximity information

- moving UEs from the coverage cell to the booster cell reduces the energy consumption on the coverage cell
- smart phone behaviour (UEs change between connected and idle mode frequently)

- the proximity detection results are not available in time when the coverage cell needs to decide to request activation of the booster cell or not

- the proximity detection results are not needed when available

- the proximity detection algorithm takes an incorrect decision

4
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Appendix
The energy consumption for a macro and a pico cell is approximately: 

Pmacro(x) = 300 + 7x [W];  x = 0..100: Relative RF Output Power %

Pp(x) = 7.5+0.025x [W];  x = 0..100: Relative RF Output Power %

The picos need power also in dormant mode and are assumed to consume Pb=2W. Suppose there are n UEs served by the macro cell, and each UE consumes (% of the relative RF output power of the macro. The increase in power consumption when activating the booster cell and the n UEs move to the booster from the macro is:

(Pmacro(x) +Pp(n()) – (Pmacro(x+n()+Pb) =  (300+7*x +(7.5+0.025n()) W - (300 + 7*(x+n() + 2)W =  5.5-7n(+0.025n(  = 5.5- 6.9750n(
We note that for ( ≥ 1 the overall energy consumption is reduced by moving already one UE from the macro to the booster cell. Moreover, the larger (, i.e. more resource demanding UEs, the energy savings for moving a UE from the macro to the booster cell increases further.

Assuming that one UE on average would have consumed (=1 percent of the Relative Output power: n = y. Then the power increase for activating the booster becomes: 5.5- 6.9750n [W]; where n denotes the number of UEs moved to booster cell.
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