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1 Analysis of the Release 9 switch-on solution
For the inter-eNodeB and inter-RAT energy saving scenarios a specific challenge occurs for the deployment with a coverage cell and one or more hotspots as described in ‎[1] and presented in  Figure 1.
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(a) Inter-RAT Energy Saving Scenario
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(b) Inter-eNodeB Energy Saving Scenario

Figure 1 Energy Saving Scenarios as defined in ‎[1]
The challenge in the Inter-RAT and Inter-eNodeB energy saving scenarios is to switch on the most optimal hotspot(s) when the traffic level in the coverage cell increases. This switch-on process should be able to swiftly respond to the increase of traffic at the coverage cell and should be energy-efficient.
The Release 9 based solution(s) for switching on the hotspot cells has the following fundamental properties:

1) When the load level in the coverage cell exceeds a pre-defined threshold the hotspot cells in its coverage area are triggered to switch on. Implementation-specific enhancements can be introduced here for selective switch-on of hotspot cells based on (historical) load data statistics, prioritised/ranked switch on of particular hot-spot cells, etc.

2) Upon the switch-on trigger the hotspots start absorbing traffic from the coverage cell. After a sufficiently long time interval, needed to gather statistics as input for the decision logic, some hotspot cells will again be switched off if their absorbed traffic is insignificant (i.e. they are unnecessarily switched on). This switch-off decision process might follow the same decision logic that was used to switch off the hotspot cells previous to them being switched on.
3) For the hotspot cells that are switched off again (i.e. those that have unnecessarily been switched on) the absorbed traffic has to be shifted back to the coverage cell. 

There are several fundamental disadvantages of the Release 9 approach (and any implementation-specific enhancements) for hotspot switch-on:
1) Energy consumption in the switch-on process is sub-optimal due to:

a) Unnecessary switch-on of hotspot cells. Even if some selective approach is implemented based on historical data statistics, the actual load at the switch-on decision moment and in the period thereafter can deviate significantly from previous ‘average’ situations which are actually used to make the decision.
b) The sufficiently long time needed (i.e. sufficient amount of statistics has to be collected) to decide which hotspot(s) should be switched off again.

2) In the case where only a selective switch-on of hotspots is implemented based on information available in the coverage cell (e.g. statistical load information), significant operational effort is introduced. For example, statistical load information has to be gathered and analysed, and triggers for switch-on have to be configured, etc.
3) The signalling overhead and poor user experience (e.g. brief service interruptions and potential connection loss during handover) caused by the shifting of traffic (back and forth) between the coverage cell and hotspot cells that were unnecessarily switched on.

The proposed BS probing solution (or “Solution 3” in Sections 5.1.2.2 and 6.1.2.2 in ‎[1]) solves these disadvantages by introducing a fundamentally different approach for deciding the hotspot switch-on. This is explained in Section 2.
2 BS probing solution benefits (compared to Release 9) and feasibility
The key property of the BS probing solution is that a hotspot cell is switched on for a short period of time i.e. the so-called “probing interval”. During the probing interval the newly activated hotspot cells do not attract traffic to decide later on whether the hotspot should be fully activated or be switched off again. Instead, the final switch-on decision is based on some or all of the following UE based measurements and events:
 
a) Active UE measurements and events:

· During the short probing interval the active UEs in the coverage cell collect measurements (e.g. Immediate MDT) from the probing hotspot cells and report these measurements back to the network.

· During the short probing interval the active UEs either request handover towards the probing hotspot cell or initiate new sessions at the probing hotspot cell. These requests, which are rejected because of call admission control settings, can be counted by the network. 
b) Idle UE measurements and events:

· During the short probing interval some idle UEs may perform cell reselections and e.g. additionally LA/TA updates. These updates are counted by the network.  
· During or after the short probing interval the idle UEs configured for logged MDT report the logged signal measurements as they become active.

An illustration of the time duration to switch on the hotspot cells using the proposed BS probing solution compared to using the Release 9 solution is shown in Figure 2. In both solutions, when the load in the coverage cell exceeds a pre-defined threshold, this serves as a trigger to begin the process to switch on hotspots – shown as “Switch ON trigger” in Figure 2. After this trigger some time is taken until the hotspot cells are actually switched on (in the case of the BS probing solution) or until only the intended hotspot cells are in an “on” state (in the case of the Release 9 solution) – shown as “switch ON Final” in Figure 2. Note that in Figure 2 the BS probing time interval (applicable to the proposed BS probing solution) is denoted by X, while the switch-on time duration of the hotspot from the switch-on trigger until only the intended hotspot cells are switched on (for the Release 9 solution) is denoted by Y.
The BS probing time interval X will always be less than Y. The BS probing time interval X can be an operation-specific parameter with a minimum in the range of 1 to 2 minutes, depending on the DRX cycle length as specified in TS 25.133 and TS 36.133.
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Figure 2 Switch-on time duration for the hot-spot with BS probing ‘X’ and Release 9 ‘Y’ solutions.
In the context of the above comparison, the following important advantages and issues are stressed:

1) The energy efficiency improvement of the BS probing switch-on approach is given by the ratio X/Y.
2) The proposed BS probing solution and Release 9 solution might not activate exactly the same hotspot cell(s). The BS probing solution is in fact more accurate because it has a more global view as to which UEs can be served by which hotspot cells. This eventually results in more optimal (e.g. fewer) hotspot cells activated when compared to the distributed decisions based on absorbed traffic by the hotspot cells in Release 9.
3) The probing time interval X might vary in length (but is always less than Y) depending on which UE-based information is used in the decision process, i.e. information from only active UEs or from both active and idle UEs, as will be elaborated further below.

4) Additional energy efficiency improvement with respect to the Release 9 solution can be achieved if, during the probing time interval, the probing hotspot cells are not fully but partially activated, as will be elaborated further below.
5) Further, because the BS probing solution does not require that the ongoing traffic be transferred to the hotspot cells to make the activation decision(s), the unnecessary signaling overhead and poor user experience (e.g. brief service interruptions and potential connection loss during handover) caused by switching traffic back and forth between the coverage and hotspot cells is avoided.
Hotspot cell switch-on based only on active UE measurements/events

In this case the probing hotspot cell might be either: 
· Fully activated but configured in such a way that no handovers or new sessions are accepted (i.e., admission gates “closed”), or

· Partially activated by only transmitting the downlink ‘presence’ signals such as SCH/BCH/RS.

When the probing interval starts, the active UEs in the coverage cell will start measuring the probing hotspot cells and reporting to the network via the coverage cell either:

· Handover related events/requests in case the hotspot cell is fully activated, or
· Logged measurement information (e.g. Immediate MDT) in case the hotspot cell is partially activated. 
Based on the active UE reporting, the network can decide which probing hotspot cells should be fully activated and which should return to dormant mode.
Considering the fact that this evaluation for hotspot activation will occur at moderate traffic level (i.e. moderate number of active UEs), the probing interval X in Figure 2 should not be made too short (so that a sufficient number of samples can be gathered to make the decision). Information from idle UEs can also be used to augment the active UE information as presented in the following section. 
Hotspot cell switch-on based on active UE and idle UE measurements/events

Along with the information gathered from the active UEs, as explained in the previous section, the network can also use information from idle UEs to decide which hotspot cell(s) has to be activated. The additional information from idle UEs enables a shorter probing time interval X as more measurements/events samples will be made available per unit time (i.e. usually the number of idle UEs is much higher than the active UEs). This might be a crucial reliability improvement considering the small coverage area of the hotspot cells. The idle UE measurements and events that can be used to make the hotspot activation decision are described below:

a) In case the probing hotspot cells are fully activated, the idle UEs might reselect to the probing hotspot cells (if covered by the hotspot) and perform a location area update procedure as configured by the SIB in the hotspot cell. These events can be counted by the network during the hotspot probing interval.
b) In case the probing hotspot cells are not fully activated, the idle UEs might be configured via the coverage cell, before the probing interval starts, to log measurement information (e.g. logged MDT) and report this logged information during or shortly after the probing interval. Further enhancements to the MDT functionality (see [3]), would make logging and reporting of information more rapid/responsive, and would also be useful for several SON cases, e.g. cell outage management.
3 Impact of the BS probing solution 
In this section the impact of the BS probing solution on the eNodeB (or NodeB in the case of the inter-RAT scenario), the UE, and the overall system is addressed from the implementation and standardisation point of view.
Impact on the eNodeB (and NodeB in the case of the inter-RAT scenario)
There is no impact on the hotspot eNodeB is if the cells are fully activated during the probing interval (i.e. only admission control configuration is needed). However, if the hotspot cell is partially activated (e.g. only the downlink SCH/BCH/RS is transmitted and other functions/interfaces are turned off), this might have some implementation impact. There may be minor standardisation needed as the coverage eNodeB (or NodeB in the case of the inter-RAT scenario) needs to inform the hotspot cell to go into the ‘probing’ mode. No implementation impact is seen at the coverage eNodeB (or NodeB in the case of the inter-RAT scenario).
Impact on the UE
The UE does not need to perform any new measurements other than what it would normally perform for RRM or MDT purposes.
The impact on UE battery consumption is limited because there are no additional measurements taken by the mobile. The only relatively minor additional battery consumption is for logging (i.e. storing) the MDT measurements, performing additional location area updates, or reporting Immediate or Logged MDT information. 
The impact on UE memory is also expected to be relatively minor because measurement data for only a relatively short period of time would need to be stored.

Overall system impact

The overall system impact is also limited as the probing interval is short (e.g. in the range of few minutes) and not all UEs need to perform measurements and event reporting. During the probing interval there is some additional location update signalling and active UEs might not immediately connect to the hotspot cells and enjoy higher throughput.
4 Summary and benefits
This document presents the feasibility, benefits and impact of the BS probing solution for hotspot cell activation. It has also highlighted the significant advantages of the BS probing solution compared to the Release 9 solution. The essence of the BS probing solution is to activate only necessary functionalities of the hotspot cell(s) (and not accept any traffic at them) for a short period of time (known as the probing interval) and acquire measurement and event information from UEs (via the coverage cell). This information is then used to make a decision as to which hotspot cell(s) to switch on fully. The most significant benefits of the BS probing solution (demonstrated in this document) are: (i) its high accuracy and reliability, and (ii) its high energy efficiency in the switch-on process. These benefits far outweigh the relatively minor implementation and standardisation impacts identified and described in this document. Therefore, it is recommended that RAN3 accepts the BS probing solution and proceeds with the specification phase. 
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� Note here that not only the radio functionalities might be switched off but also interfaces such as X2 and S1 depending on the energy saving solution architecture (e.g. O&M based or distributed).
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