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1. Introduction

As part of RAN3#59 meeting in Sorrento, RAN3 agreed on the interference reduction SON use case and updated TR 36.902 as follows:

4.3
Interference Reduction

Capacity could be improved through interference reduction by switching off those cells which are not needed for traffic at some point of time, in particular home eNodeBs when the user is not at home.

4.3.1
Use Case description

Objective: 

· Interference reduction based on cell switch on/off. 

Expected outcome: 

· Increased capacity through interference reduction.

· Increased quality through interference reduction.
As mentioned in the agreed text, interference reduction SON use case is intended to be well-suited for Home eNBs. One of Home eNBs specificities is that their deployment is performed in an uncoordinated manner, leading to decreased macro network capacity due to increased inter-cell interference. In addition, it is sensible to think that the constant activation of the Home eNB could be useless in case of CSG cells with a limited access, as there could be long periods during which no allowed UE would be under the CSG cell coverage (working hours, school hours, holidays, outdoor activities…). Thus, a solution to reduce interference consists of switching on/off Home eNBs, depending on authorized users' location.

To that respect, this document presents a technical solution to switch on/off Home eNBs automatically and appropriately, aiming at addressing the requirement for an interference reduction SON use case.

2. Description of the solution

The proposed solution relies on the followings:
· UE maintains a "neighbouring context" to be able to detect it enters or leaves the neighbouring area of its CSG cell. This context can e.g. be constituted of the macro cells surrounding the CSG cell, a set of GPS positions … Whether this context should be specified is FFS.
· When entering or leaving this neighbouring area, UE initiates procedure to inform the network. The network can then proceed to activation and deactivation of the CSG cell. 

· To be able to properly activate or deactivate the CSG cell, the network maintains a context for this CSG cell. Activation is done if the UE is the first to enter the neighbouring area of this CSG cell; deactivation is performed if the UE is the last to leave this area.
· Activation and deactivation of the Home eNB / CSG cell is typically initiated by the MME toward the CSG eNB over S1 interface.

· When deactivated, the CSG cell does not transmit on radio interface i.e. the cell cannot be detected, and S1 interface is not setup. When activated, the CSG cell is in normal state i.e. both radio and S1 interfaces are up.

The figure below illustrates the scenario of a UE entering and leaving successively the neighbouring area of a CSG cell it is allowed to access. The new elements are shown in orange.
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This figure shows that, in order to realize activation and deactivation of the CSG cell, new procedures shall be defined within the network, typically between the MME and the CSG cell's eNB, and also between the UE and the network.
The identified impacts on UE and MME in terms of signalling procedure and internal contexts are the following:

1. Signalling procedures

· Between UE and MME: the procedures for the UE to indicate presence or absence of CSG neighbouring area (steps 2 and 4 in the figure) imply new signalling between UE and MME typically. It is however foreseen that such procedures would re-use messages that are needed for other purpose like Service Request. The additional information would be:
· CSG cell identifier: would use the same format as the identifier provided in the whitelist

· Presence/absence: could be limited to 1 single bit.

For the sake of simplicity, let's call these procedures "in-CSG-area" and "out-of-CSG-area" indications. A UE that is powered off shall send "out-of-CSG-area" indication to the MME.
In the typical case of the CSG cell being a Home eNB, which is probably the most relevant for this scheme, it is foreseen that occurrence would be in the order of 1 "in-CSG-area" procedure and 1 "out-of-CSG-area" procedure within a day (user leaving home and coming back after work) per "CSG" UE.

· Between the MME and the Home eNB: the MME will need to wake up the CSG cell when it knows, based on its own context, that a UE is within the neighbouring area of the CSG cell and the CSG cell is currently deactivated. Similarly, MME will deactivate the CSG cell once it knows there is no more allowed UE is this area, and the current state of the CSG cell is active.

In the case of the CSG being a Home eNB, it is deemed that such activation and deactivation procedures would occur typically once per day (per Home eNB).

2. Contexts (internal)

· UE "CSG neighbouring context": this context is typically a set of macro cells surrounding the CSG cell. This context can be build based on UE autonomous detection of macro cells, on neighbour cell list provided by the CSG cell in idle (System Information) or in connected mode, on GPS positions recorded while the UE camped on this CSG cell … It is deemed that such a context would however be needed in the UE independently of this solution in order for the UE to start autonomous detection of CSG cells, as agreed in [4] and [5].
· MME "CSG context": this context is setup by the MME only when it receives a first "in-CSG-area" indication for a given CSG cell by a UE that is allowed to access this CSG cell. When a new UE enters this area and provides "in-CSG-area" indication for this CSG cell, this UE is added in the CSG context. When one of these UEs leaves the area, this UE is removed from the CSG context after "out-of-CSG-area" indication is received by the MME. The MME finally deactivates the CSG cell only when it knows that all UEs that have primarily entered the neighbouring area, have now left this area (i.e. all UEs have sent "out-of-CSG-area" indication for this CSG).
3. Advantages of the solution
The goal of this section is to present the advantages for Home eNB dynamic activation and deactivation.

3.1 Interference reduction

In case of spectrum sharing between macro eNB and Home eNB, it is now well-known that an uncoordinated deployment as it is envisaged for Home eNB can have an harmful effect on performance and capacity of the macro network. Simulation results are for example presented in [1].
Hence, it would be beneficial to activate/deactivate the Home eNB radio interface depending on authorized subscribers' presence information as it would help limiting interferences between Home eNBs and the macro network. In that, the proposed solution addresses the interference reduction SON use case.
3.2 Energy savings
One of Home eNBs specificities is related to the number of base stations that is supposed to be rolled-out. Indeed, Home eNB may be coupled with a WiFi router that currently provides residential services (e.g. triple play). It is now well-known that a large majority of subscribers does not switch off their WiFi router when leaving home, leading to a massive waste of energy. The Home eNB use case is supposed to be very similar to the Home WiFi router one as both devices may be coupled in the coming years. 

Thus, one point to address is related to the power consumption of Home eNBs. It is believed that the environmental impact of a new product has to be lowered as much as possible as part of its design stage and obviously as part of its specification stage. For information, a recent study indicated that nation-wide power consumption of WiFi routers in France is equivalent to 3 months of electrical production of a nuclear station.
In addition, cost related to power consumption is no longer negligible for subscribers. In some cases, yearly power consumption of deployed WiFi router costs the equivalent of a monthly subscription to this WiFi router. An optimized power management would thus be a differentiating factor for Home eNB, in comparison with other competing technologies.

As a result, it would be beneficial to switch on/off Home eNB depending on authorized subscribers' presence information as it would enable massive energy savings and cost reduction for subscribers. 
3.3 MME and backhaul load

As suggested in [2] and proposed in [3] when referring to Home eNB, "it is considered that it may not be used all day long. Hence, it can be powered off whenever it is not used, and powered on when it is going to be used. Therefore, it is considered that Home eNB does not need to maintain a permanent S1 availability."                                                                            

It is sensible to think that the absence rate of Home eNB subscribers will be high, leading to potential useless S1 interface activation and SCTP connections. In addition, we can think that a kind of statistical multiplexing can be achieved between Home eNBs deployed for business applications and those rolled-out for residential applications. Such a statistical multiplexing would lead to a gain in terms of capacity for operators.
Thus, it would be beneficial to setup/release the S1 interface depending on authorized subscribers' presence information as it would lead to the potential decrease of MME and backhaul load.

4. Conclusion
RAN3 is asked to discuss the proposed solution to address the interference reduction use case, based on the text proposal for TS 36.300 described in section 5.
5. Text proposal for TS 36.300
[beginning of change]
22.x
Dynamic activation/deactivation of CSG cell

22.X.1
Objectives
The objectives of this use case are:

· Interference reduction;

· Energy savings;

· MME and backhaul resource savings;
22.X.2
Description

The dynamic activation / deactivation relies on the followings:
· UE maintains a "neighbouring context" to be able to detect it enters or leaves the neighbouring area of its CSG cell. This context can e.g. be constituted of the macro cells surrounding the CSG cell, a set of GPS positions … Whether this context should be specified is FFS.

· When entering or leaving this neighbouring area, UE initiates procedure to inform the network. The network can then proceed to activation and deactivation of the CSG cell. 

· To be able to properly activate or deactivate the CSG cell, the network maintains a context for this CSG cell. Activation is done if the UE is the first to enter the neighbouring area of this CSG cell; deactivation is performed if the UE is the last to leave this area.

· Activation and deactivation of the Home eNB / CSG cell is typically initiated by the MME toward the CSG eNB over S1 interface.

· When deactivated, the CSG cell does not transmit on radio interface i.e. the cell cannot be detected, and S1 interface is not setup. When activated, the CSG cell is in normal state i.e. both radio and S1 interfaces are up.

The figure below illustrates the scenario of a UE entering and leaving successively the neighbouring area of a CSG cell it is allowed to access. The new elements are shown in orange.
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1. UE1 is located outside the neighbouring area of CSG1, as cell4 is not part of CSG1 neighbouring context (see UE context on the figure above).
2. UE1 notifies the MME it has entered the neighbouring area of CSG1 by providing the cell identifier of CSG1and the presence indication. Upon receiving this indication, the MME creates a CSG context for CSG1, that records UE1 is in CSG1 neighbouring area (see MME context on the figure above).
3. As the CSG1 state in the MME indicates that CSG1 is inactive and UE1 is present (CSG1 context), the MME initiates the activation procedure toward the CSG cell over S1 interface. CSG1 starts transmitting over radio interface once it has been activated.
4. UE1 detects the coverage of CSG1 and reselects (or is handed over to) this cell.
[If a second UE (UE2) enters the neighbouring area of CSG1, it also initiates the procedure described in 2. The MME updates CSG1 context by recording UE2 is in CSG1 neighbouring area. As CSG1 state is already active, it does not trigger any action.]

5. Upon detecting it has left the neighbouring area of CSG1 as cell2 is not part of CSG1 neighbouring context (see UE context on the figure above), UE1 notifies the MME by providing the cell identifier of CSG1and the absence indication. Upon receiving this indication, the MME updates the CSG context for CSG1, that records UE1 is out of CSG1 neighbouring area (see MME context on the figure above).

6. As the CSG1 state in the MME indicates that CSG1 is active and UE1 is absent (CSG1 context), the MME initiates the deactivation procedure toward the CSG cell over S1 interface. CSG1 stops transmitting over radio interface once it has received the deactivation command.

[If UE2 is still in the neighbouring area of CSG1, the CSG1 context within the MME indicates that the CSG deactivation shall not be initiated. MME will trigger this procedure when UE2 indicates it has left the neighbouring area of CSG1.]

[end of change]
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