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1 Introduction

According to the section 6.21 of TR3.018 (Support for self-configuration and self-optimisation) the phase of Optimisation/Adaptation (Phase C) is composed of the following functions:

· c-1: Neighbour list optimisation

· c-2: Coverage and capacity control

This paper proposes a c2- self-optimisation feature by auto-tuning the capacity of the network with an automatic switch on/off of the eNodeBs and by auto-tuning the coverage of the network with an automatic reconfiguration of antenna tilt/pilot channel power.
2 Description
In mobile networks, the landscape RF coverage is provided by local radio frequency (RF) transmitters/receivers (base stations, cells or repeaters).

Each equipment coverage vary for number of reasons (coverage increase, cells antenna system tuning tilt or azimuth modification) and will vary more with remote dynamic control of RF power emission.

2.1 Auto-tuning capacity by equipments switch on/off
To provide the required traffic density and to cover specific areas (indoor), the number of these equipments increased dramatically in urban conditions.

The total power usage of all these equipments becomes very high, while the cumulated total traffic capacity is not used most of the time.

So provide coverage with umbrella cells on top of high sites while turning on/off most of cells as long as the capacity is not requested can help to reduce energy expenses and global RF environment pollution.
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Figure 1: the global coverage is addressed by a few cells
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Figure 2: traffic increases: new cells turn on, initial cells can decrease coverage or turn off
However, there is some probability that some UEs could lose coverage during these reconfigurations. Even if the process is very good, specific sites could be shadowed in some directions. 

The end user perception could then be very bad: a mobile terminal could become unreachable without end user notice. Furthermore the mobile originated emergency (public safety) calls might be impossible to perform in case of mobiles located in sleeping base stations uncovered area.  

Therefore this capacity optimisation feature needs an active participation of the UEs to work. The UEs should be capable to “wake up” sleeping base stations in order to ensure a “minimum service” or a “minimum service quality” in some cases. To achieve that, UEs should be able to report a detected resulting coverage hole by an appropriate uplink signal.
Examples:

A particular example of this capacity optimisation concept is to use it at night when many nodeBs can be turned off and waken up by UEs only if needed.
Another particular example could be the use of the concept in relation with Home eNodeBs where the home eNodeB could automatically be turned on when the user pops up.
These are only particular examples but many others can be thought of (micro/umbrella coverage in HCS or femtocell networks, etc…)

Also by extension, considering flexible RF hardware (software defined radio) the concept can also be used to wake up not only equipments but features such as turning on GSM carriers when needed and reuse the same hardware for another standard later.
2.2 Auto-tuning coverage by antenna tilt/dynamic control of RF power emission

Coverage holes today can happen due to the root limits of the deployment process: propagation simulation to set antenna orientation and RF power, then drive tests to make the customer delivery verification. 
Therefore the same principles as elaborated in section 2.1 could be used for pilot channels power adaptation or antenna spatial re-orientation (smart antenna or remote tilting features): whenever a mobile is in a coverage hole it can use the same uplink “wake up” signal as in 2.1 to inform one surrounding nodeB. 
The wake up signal is thus used as a “hole detection signal” in this particular scenario. The characteristic of the wake up signal is such that it can reach a nodeB from which it is out of normal access (range of the broadcast channel reception, failure in random access procedure) e.g. a long duration signal in a separate band.

Once received, the detection signal can be used by the network to recover from the situation by e.g. a slight modification of the antenna tilt of one surrounding nodeB, modification of one neighbour nodeB pilot power, or a reconfiguration by turning-on some sleeping eNodeB like described in section 2.1. 

While the recovery mechanisms following the detection of the coverage hole is out of the scope of the present document, the automatic coverage hole detection can be regarded advantageously as a means to save on drive tests in early deployment phase of the LTE network. In mature deployment phases, it can also serve the same purpose after any modification of the configuration in the life of the network: e.g. after the modification of an antenna tilt, of a pilot channel power, or addition of a new eNB in the network.
2.3 Parameters

To invoke both the auto-tuning capacity feature (2.1) and the auto-tuning coverage feature (2.2) the same “wake up” uplink signal can be used with the characteristics described in section 2.2.

The signal can be designed either as a basic non-coherent OOK signal or as a long enough signal to synchronize a phased locked loop. 

Such signal should be designed by RAN1 group once the use case is agreed.
3 Conclusion

This paper has presented two complementary self-optimising use cases for capacity and coverage optimisation in section 2.1 and 2.2. They both rely on UE involvement by sending a new uplink signal to report a coverage hole. As was explained by the agreed ANR new SON feature which also relies on UE, LTE is a unique opportunity to achieve new SON features reducing OPEX that involve UEs.
The SON scenarios presented in this paper brings along the following advantages:
· energy savings for the network: this is felt as a particularly interesting means of OPEX reduction for the operator and this is not to the detriment of manpower,

· reduce interference by turning off pilot channel power for unused capacity,

· drive test savings in early deployment phase,

· self-healing in case of one equipment (e.g. eNB) failure by automatic reconfiguration of surrounding eNBs, 

· feedback/correction after any modification of the configuration of the network (e.g. tilt, pilot channel power)

It is therefore proposed to agree on the following new SON use case described in the agreed format in section 4.
4 SON Use case description

We propose to include the following use case description in the list of the use cases in section 6.21.5 of TR3.018:

Scenario description: Capacity/Coverage optimization through coverage hole detection/reporting by UE 
· Objective: 
· Capacity: Optimisation of eNB equipments in operation in the network based on traffic needs.

· Coverage: Optimisation of network coverage in early deployment phase/ reconfiguration/ equipment failure.
· Scheduling: Event
· Input source: 
· UE uplink signal to be defined by RAN1 (e.g. asynchronous such as OOK PLL based)
· Functionality: a UE signals a coverage hole (no reception of pilot channel) and thus allows the network to reconfigure/turn on new equipment to recover from the hole. 
· Actions:

· Inform the network of a coverage hole by an uplink “wake up” signal,
· Reconfigure the antenna orientation/pilot channel power of a surrounding eNodeB or turn on a sleeping eNodeB.
· Expected results: 
· energy savings, 
· interference reduction, 
· savings on drive tests, 
· self-healing in case of one equipment (e.g. eNB) failure by automatic reconfiguration of surrounding eNBs,
· automatic feedback/correction after antenna tilt or pilot power modification.







































































































































































































































































































































[image: image1][image: image3.png]Step 1: low capacity

Area to
cover




