3GPP TSG RAN WG2 #54
R2-062230

28th August – 1st Sept 2006

Tallinn, Estonia

Agenda Item:
11.6
 Radio procedures in support for network (automatic?) optimization/setting

Source: 
Lucent Technologies, T-Mobile 

Title:  
Discussion on Auto-configuration and Dynamic Optimization

Document for:
Discussion 

1. Introduction

A requirement for LTE by service providers is the reduction in operational expenditures, and solutions that will allow networks to automatically self configure. 

When considering self-configuration of cellular systems several issues have to be addressed. When a base station boots up it has to register with the network, determine several key radio parameters with which to transmit signals, the radio parameters used by the neighboring base stations, antenna orientation and beam width and pilot transmit power level etc. In addition the eNB must also be able to perform network configuration like discovering the routing path for upstream packets, forming security associations, identifying available aGWs, etc. In this paper we outline the essential components of an auto-configuration solution, identify possible architectures focusing on the radio procedures and discuss some new features that can be implemented in the base station and mobile terminals to enhance the auto-configuration and dynamic optimization performance.

2. Discussion

The ability to reduce the deployment and operational costs is important for a network with a large number of base stations. If the base stations could possess the ability to sense the presence of other base stations and coverage holes in the network and configure themselves appropriately at the time of deployment and after any changes to the network, the deployment and operational costs can be significantly reduced.

The discussion first looks at the functional requirements and architectural options.  The requirements on the base station and possibility of additional features to be supported on the terminals are also discussed.

2.1. Functional Requirements and Architectures

Implementation of auto-configuration capability can be divided into the main functions of data acquisition, data processing, and configuration management. Each of these is   discussed in more detail below.

· Data acquisition function
Data Acquisition involves collecting air-interface performance data from existing network entities (base stations, terminals).  More the data available, better the performance of the auto-configuration algorithms. Several mechanisms are already in place for acquisition of data in current networks.  Performance data such a pilot strength measurements, call drops, handoff states, throughput and numerous other performance measures collected at the base stations can be pushed to element management system (EMS) periodically. Additional new data, not captured in networks of today, for the purposes of auto-configuration and dynamic optimization can be collected from both the base stations and the mobile terminals.  

As an example consider the antenna orientation for a new base station that is being installed in an existing network for capacity expansion. A set of relevant statistics collected for determining proper antenna orientation could be the transmit powers of existing base stations, received signal strengths, user locations associated with the signal strength measurements, other existing base station antenna orientations etc.

Some specific methods for data acquisition are described in more detail in later sections.

· Data processing function 

Data processing refers to the algorithmic computations that would be required to process the data acquired to arrive at relevant parameter settings. 

In the example given above, the data collected can then be used to determine the capacity/coverage of the network for different antenna orientations and an optimum value can be determined. 

The data processing or the algorithms for determining the optimal values can be done in centralized or a distributed fashion. In a centralized architecture, illustrated in Figure 1, there is a central optimization/configuration entity that acquires system data from multiple base stations, runs the algorithms for determining parameters at one or more base stations, and feeds parameters back to the EMS for configuration. In a distributed architecture, illustrated in Figure 2, each base station is equipped with an optimization engine. All computations for deriving parameters for that base station are performed in that base station itself. Data required for the computations are obtained either directly from the neighboring base stations or indirectly from a database such as the EMS. In the centralized approach joint optimization across different base stations may be simpler to implement. On the other hand, the distributed approach may scale better with the increasing number of base stations. However, the algorithms for achieving optimality in a distributed fashion may require several iterations of parameter settings.
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Figure 1: Centralized approach to auto-configuration/dynamic optimization
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Figure 2: Distributed approach for configuration and dynamic optimization

· Configuration management 
Configuration management is simply the functionality of a typical EMS that provides the interface to configure parameters for one or more base stations, does parameter cross-checks before actual configuration, stores data received from the base stations. A method to obtain relevant data for configuring a new base station or specific parameter optimization needs to be implemented. A new functionality for the EMS is related to acquiring measured data on demand. 

Consider the following scenario where a new base station is deployed in an existing network. The configuration of this base station could trigger collection of data from mobiles in the vicinity of the new base station. This data collection could then be stopped after the new base station becomes functional. Thus future EMS should be capable of triggering data collection on-demand from a subset of base stations or mobile terminals.

2.2. Base Station Enablers

Some features when implemented at the base stations enhance the capability of the auto-configuration and dynamic optimization. A few features are listed below.

· Data acquisition through measurement

The performance of configuration algorithms can be enhanced by acquiring data through measurements at the base station in addition to what is fed back from the mobile terminals. A simple method to acquire data could be to deploy a “mobile receiver” alongside each base station to make measurements of signals transmitted by the neighboring base stations. For example, for neighbor list configuration these measurements provide a measure of the relative importance of the different base stations. These measurements can be used in the algorithm (in place of, or alongside) the location, antenna orientation, and transmit power information, which may not be available in some cases. 

· Dynamic updates of parameters

While there can be defaults for most configuration parameters with which a base station can be turned on and expected to function without disrupting the on-going calls, some parameters could cause RF conflicts and cannot have defaults that always work.  Thus it is important that base station implementation be such that we are able to configure parameters before over-the-air transmission and also able to change parameters dynamically without having to restart the base station. The latter is important to minimize loss of calls and outage time, for example in some reconfiguration scenarios.

· Reservation of resources for new base stations for data acquisition
Measurement of field data from a base station that is not yet operational poses a problem. Since the base station first requires some radio configuration information to even start transmitting there is an issue of how live mobiles can be used to obtain data necessary for determining the radio conditions of a new base station. The problem could be solved by reserving some radio parameters for new base stations’ initial transmission. When sufficient data is collected and enough information is available, the new base station can migrate to the regular radio parameters. The fact that multiple base stations are unlikely to be turned on at the very same time in the same geographical area implies that the parameters reserved for new base stations should not result in any loss in performance.

2.3. Mobile Terminal Enablers

Typically mobiles collect and process certain data (Ec, Io) primarily when in active connection to a base station as part of a call.  However, it is useful to gather a broad set of data within the mobile and reports data of interest even when not in an active call.  Such feedback could be on demand, periodic (infrequent) or based on some trigger such as geographical location, signal level etc.  This helps build up a map, which may be very valuable in processing existing data (RF condition at different locations) for use in auto-configuration.  

The possibility of mobile terminals supporting network configuration is FFS and needs more discussion.

6.  Conclusions

A systemic approach to auto-configuration and dynamic optimization was outlined. New functionalities were identified and some new data collection methods were discussed. Some of these require standardization of the messages to be exchanged between various entities involved – EMS-Base Station, Base Station – Mobile Terminal, EMS-Mobile Terminal and possibly between base stations. Another aspect of auto-configuration is the algorithms that are needed for deriving various parameter values. However, these do not require standardization.
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