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1. Introduction

With the deployment of a large number of femto-cells, interference reduction and energy consumption consideration are becoming an important topic. This has been captured in [3] during RAN3 meeting #59 with new SON use cases agreeing on intermittent eNodeBs as a solution for energy saving and interference reduction.
Several contributions have been made so far presenting different options based on intermittent base stations principle [1][2][5]. [6] and [7] propose alternatively a mechanism based on dynamic adaptation of femto-base stations transmit power.
However there is the need for more study on the topic, especially regarding HNB triggering conditions and wake-up or TX power adaptation mechanisms.
The aim of this contribution is to study pros and cons of different methods to trigger a femto-base station to switch to its operational state, and their implication on standardisation.
2. Discussion
The occurrence of the scenario of a mobile in active mode needing to be handed over from a macro cell to a femto-cell will be quite a rare case. Depending on the handover performance required, the need of a pro-active mechanism to wake-up a femto-base station is FFS. The present contribution focuses on mobile in idle mode.
In a first section, we examine the different possible events that could trigger the activation of a femto-base station, i.e. the "when". "Activation' as to be interpreted as either the mechanism allowing a base station to switch from an inactive state where it transmits nothing to its operational state where it transmits at nominal power, or the mechanism allowing a base station to switch from a state where it transmits at low power to its operational state. 
In a second part we study which nodes and which interfaces are involved in the process. Finally, comparison criteria tables are provided.
2.1. Possible triggers for switching a femto-base station to its operation state
The different scenarios on when to trigger a given HNB to switch to its operational state, as discussed below, are depicted in Figure 1 
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Figure 1: Possible triggers for switching on a femto-base station
Scenario 1 - When the mobile runs a TAU procedure in a TA known to be in the vicinity of the HNB.
This situation can be detected by the UE or by its serving MME without any new specification. As example, the TA known to be in the vicinity of the HNB could be configured in the UE or could be learned by UE upon analysis of its radio measurement on surrounding cells, when being covered by the active HNB, or when leaving the coverage of the HNB. Few such TAs could be memorised at UE level.
Due to its coarse granularity (TA size), this option has a poor efficiency in terms of number of femto-base stations that are likely to be in stand-by mode. Indeed, the TA can be quite large, leading to activating a large number of femto-base stations although the corresponding mobiles are far away from them. Even if some TAs are dedicated to the femto-cell, the goal of TA lists – customising a tracking zone to mobiles so as to limit the TAU procedure number – does not favour the possibility to wake-up a base station only when a mobile is in its near vicinity.
Since the femto-base stations are likely to be activated well before the mobile reaches its coverage area, this option has the advantage to limit black zones in case of poor indoor coverage provided by overlapping macro-cell.
Scenario 2 – When the mobile enters a cell (e.g a macro-cell) known to be in the vicinity of the HNB
Without any new specification, this situation can be only detected by UE when in idle mode. As example, the cell known to be in the vicinity of the HNB could be learned by UE upon analysis of its radio measurement on surrounding cells when being covered by the active HNB, or when leaving the coverage of the HNB. Such few cells could be memorised at UE level.

The granularity is the cell, which is likely to be quite small in dense areas where the femto-base stations density will be high, thus limiting the probability to have femto-base stations activated. Black zones can be limited if UE can memorise more than one neighbour cell.
Scenario 3 - When the mobile enters a zone tailored to the femto-base station 

We assume here that the mobile can be located with a granularity that is not directly linked to cell boundaries. This can be achieved by any positioning mechanism in the mobile or in the network. In particular, we can think of the following mechanisms

a) The mobile or the network is able to get mobile position thanks to a triangulation from measurements on signals from several neighbouring cells.
b) The mobile embeds a GNSS module. The triggering zone may then be defined by geographical coordinates.
This option has the advantage of flexibility, since the triggering zone has not to be aligned with cell edges. This is of most interest when the HNB to activate is not overlapping any cell, such as in rural or hilly areas. However it assumes the availability of a location function.

Scenario 4 - When the femto-base station detects a specific signal transmitted by the mobile

The detection range can be modified by tuning the transmission power of a specific signal transmitted by the mobile. 
However it could be difficult avoid some coverage black zones in case of the overlapping macro-cell provides poor indoor coverage.
Scenario 5 - When the mobile detects the femto-base station

It is assumed here that the mobile station has the capability to detect that it is getting close to the femto-base station. This can be achieved when the stand-by is defined as a mode where the femto-base station transmits intermittently or at reduced power.
The triggering zone is typically reduced to an area more limited than the coverage area of a woken femto-base station, leading to a possible coverage issue in case of poor indoor coverage from the macro-cell. The detection range can be modified by tuning the transmission powers of the femto-cell, but increasing the detection range will undermine interference mitigation effort.
Comparison table
The comparison will be based on following metrics:

Efficiency: 
Ability to reduce the number of active femto-base stations.

Coverage performance: 
Ability to avoid black zones, i.e. to avoid zones where the mobile is not well covered although it would be if the femto-base station would have been woken up.

Added complexity
Evaluates the added functions and/or hardware needed in the mobile or in network nodes.

	
	TA (1)
	Cell (2)
	Tailored area (3)
	Femto-base detects (4)
	UE detects (5)

	Efficiency
	Low (
	Medium
	High (
	High (
	Medium

	Coverage Performance
	High (
	High (
	High (
	Medium
	Low (

	Added complexity
	Low (
	Low (
	Medium to High (
	Medium
	Low (


Table 1: Comparison of different triggers for switching on a femto-base station

2.2.  
Nodes and interfaces that are involved in the femto-base stations' switching mechanism
We listed in the previous section the alternatives defining when a femto-base station could be activated. This section aims to present the different mechanisms that can be designed to make a femto-base station switch to its operational state, i.e. which nodes are involved, on which interfaces, and to which detection scenario(s) they apply.
A) O&M
Setting up and configuring base stations is the usual task of O&M, thus we can envisaged letting it manage the base station switch function through interface itf-S. 

Such an option doesn't need further standardisation effort; however it is very static. The only dynamic would be to toggle femto-base stations between inactive and operational states according to some time schedule, corresponding for example to business hours.
Indeed, this dynamic is not tight to UE mobility, and none of the triggering events listed in previous section are supported.

B) Femto-base station

This corresponds to Scenario 5, where femto-base stations in stand-by mode transmit at reduced power and UE detects the femto-base station.
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No procedures need to be added to the standard.

C) UE and femto-base station

This case corresponds to the so called "Send in the void" mechanism presented in [4] and is associated to the triggering zone described in Scenario 4. 

The UE sends a specific signal that is detected by femto-base stations even if their transmitter is switched off. This specific signal can be sent on the Uu interface, but also on a separated short range interface such as an Irda or a Bluetooth.
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In order to target more precisely the base stations to activate and to prevent the UE from sending the specific signal when it has no chance to be served by one of its femto-base stations, the mobile could send the activation signal only when it is approaching a dedicated zone as defined in Scenario 3. Indeed, the mobile may get its position for example from an embedded GNSS module or from measurements on neighbouring macro-cell signals. Alternatively, the UE can start the transmission of the dedicated signal when entering a neighbouring cell (C.f. Scenario 2)

· Neither S1 nor X2 interfaces are involved, however standardising the interface for the dedicated signal is necessary to guaranty multi-vendors interoperability.

· This method has the advantage of requiring no action from the Core Network.
· The femto-base station is not able to discriminate among UEs having access rights from others; however this is mitigated by the short range detection. The issue might also be avoided if UEs are able to transmit signals specific to the CSG they belongs to.

D) MME alone
This mechanism may be used with triggering area (Scenario 1). Upon a TAU procedure, the MME activates the femto-base station(s) that are associated to the mobile through a dedicated signalling message on S1.
The mechanism requires little standardisation effort since it can be based on existing UE procedures, however it requires defining a CN-triggered S1 setup procedure in case the femto-base station tear down its network interface when in sleeping state. In addition, the MME is able to make access rights verification so as to trigger only the activation of base stations the UE has access to. 
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It does not add complexity to the mobile terminal; however it puts burden on the MME, with possible huge peaks of signalling, and inherits the drawbacks from a triggering area based on TA as described in Scenario 1. The standardisation effort is limited to the definition of a S1-AP procedure to activate the base station.
An alternative is that the mobile sends a NAS signalling message to the MME when crossing cell edges rather than when crossing TA. Thus, the MME could be informed of mobile location with a cell granularity and as such the triggering area could be zone (2). However having the MME keeping track of mobiles on a cell basis is not in line with current standard principles and could lead to make MME load skyrocketing.
E) UE and Macro-eNB

The triggering zone can be the neighbouring cell (Scenario 2) or a dedicated zone (Scenario 3). 

The UE sends a RRC signalling message to the serving NodeB. Then, it is up to the serving NodeB to activate the neighbouring femto-base station(s) through a dedicated signalling message over X2.
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The MME is not impacted, however at the cost of the definition of new a RRC signalling message. Indeed, this alternative assumes an X2 interface between the femto-base station and neighbouring eNBs. The accessibility checks the eNB shall make w.r.t. target femto BS is FFS. 
F) UE and MME

With this alternative, the triggering zone can be the neighbouring cell (Scenario 2) or a dedicated zone (Scenario 3). 

When reaching or popping up in a triggering area, the UE sends a NAS signalling message to the MME warning it is approaching a zone including candidate femto-base stations. Then, the MME activates femto-base station(s) located in the candidate zone through a dedicated signalling message over S1.
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As the MME is involved, it can easily filter activation requests so as only base stations the UE has access rights to are activated.

Compared to alternative D), the burden put to the MME remains limited since it is up to the UE to detect and trigger the activation request.
The alternative requires a bit more standardisation efforts as a NAS message has to be defined in addition to the activation procedure in S1-AP.

Furthermore, it adds some complexity to UEs.

Comparison table
Possible triggering zones (C.f. 2.1): 

TA 
Scenario 1
Cell 
Scenario 2
Tailored area
Scenario 3

Femto-base detects 
Scenario 4
UE detects 
Scenario 5

	
	Possible triggering zones
	Impacted interfaces
	Pros
	Cons

	O&M (A)
	None
	Itf-S
	- Limited standardisation effort
	- Static

- Poor interference reduction and energy saving capabilities

	Femto-base station (B)
	Scenario 5
	Uu
	- No standardisation effort
	- Limited to Scenario 5, with medium interference reduction and medium energy saving capabilities 
- Prone to black zones

	UE and femto-base station (C)
	Scenario 4, optionally in addition to (2) or (3)
	Uu or Others (Irda, Bluetooth…)
	- Standardisation effort limited to one interface

- No action required from the CN
	- No easy access rights check (although solutions can be considered)

	MME alone (D)
	Scenario 1, optionally scenario 2
	S1
	- Little standardisation effort

- Easy access rights check
	- Added MME load

	UE and Macro-eNB (E)
	Scenarios 2 or 3
	X2, RRC
	- MME not impacted
	- No easy access rights check

	UE and MME (F)
	Scenarios 2 or 3
	S1, NAS
	- Easy access rights check 

- Limited burden on MME
	- NAS and S1-AP messages to be defined

- MME impacted


Table 2: Comparison of different mechanisms for activating a femto-base station
3. Conclusion
We gave in this contribution an overview of the different mechanisms and the different triggering areas we can think of in order activate femto-base stations.
We favour having the UE involved in the process of triggering the activation of intermittent or dual states power base stations. Indeed, our preferred scenarios are those where the UE is able to detect known neighbour macro cells as in scenarios 2 (cell granularity) or 3 (tailored area) and scenario where the base station detects UE signal (scenario 4). 

Then, alternative (C), where femto-base stations detect a dedicated signal sent by UEs, is a preferred option, especially when combined with scenarios 2 or 3 for triggering the dedicated signal. 
An interesting complementary option is alternative (E), where the UE asks its serving eNB to activate a neighbouring base station. Indeed, since it does not involve CN node, its impact on standardisation effort is minimised.
Anyway, in order to guaranty multi-vendor interoperability, we think it is worth standardising a procedure for activating base stations.
Moreover, to tackle the general case, it would be more appropriate to talk about femto-cell activation rather than femto-base station activation. Indeed, the standard should give the possibility to request a base station to activate (and deactivate) individually one of the cells it manages.

We would like the group to discuss the topic and agree on preferred option(s) for the SON use cases on energy savings and on interference reduction. In addition, we propose RAN3 sends a liaison letter to RAN1 and RAN2 to inform them about ongoing RAN3 discussions and decisions.
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