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I. Introduction

The indoor coverage has been a problem to system operator for a long time. It is because the signals from macro-cell BS outside the house will usually be weak when users are located inside. So that additional margin in link budget has to be reserved to compensate the penetration loss for ensure the basic signal quality to the indoor users. This will result in the difficulty to balance the link budget and operator has to deploy more BSs to guarantee the service coverage over the area. The Figure 1 is a simple illustration to depict the aforementioned situation.
On the other hand, most users at indoor environment have higher desire on high speed transmission to support multimedia service or Internet services. The basic signal quality and transmission rate cannot satisfy users’ desire at indoor environment, but supporting high speed transmission for indoor users by macro-cell BS will cost higher radio resource and much additional deployment cost. Micro-cell and pico-cell can somehow mitigates this problem in certain level, but they’re still not enough.
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Fig. 1 Difficulty to guarantee service for indoor users by macro-cell BS
The femtocell is expected to provide additional indoor coverage by deploying the femtocell BS within users’ house by consumer themselves. This can provide additional bandwidth within a limited coverage, where the femtocell BS is very close to MS so that the signal quality will be good and the transmission rate will be high. In addition, this can also help to keep more revenue from indoor users in the cellular operator so that the femtocell is expected to be massively deployed by the system operators.
However, one of the major problems is lack of backhaul connection within users’ house when deploying the femtocell. Most of the solutions are utilizing the broadband Internet access (e.g. xDSL, DOCSIS) to relay user traffic back to operator’s backbone (or directly to Internet). For the user who doesn’t have broadband Internet access, the operator may have difficulty to deploy the femtocell or they have to convince the consumer to buy their broadband service together.
II. Concern on Femtocell BS Reliability

Unfortunately, utilizing the broadband Internet access as the femtocell BS backhaul may not guarantee the same QoS level and reliability as the macro-cell BS backhaul (e.g. T1, T3, optical). Therefore, the achievable data rate in femtocell BS backhaul connection may be congested or disconnected due to some unpredictable reasons. For example, the user may accidently shut down the power of femtocell BS or xDSL modem, the connection between xDSL modem and local telecomm operator office may be disconnected due to unreliable copper line quality, the connection from femtocell BS to ASN may be congested and so on. Therefore, the concern on reliability problem for femtocell BS is much higher than macro-cell BS and it is deserved to take this concern into consideration at the standard development stage.
The Figure 2 shows an example base on xDSL backhaul link to explain the possible uncertainties existed in femtocell BS backhaul links.
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Fig. 2 The potential reliability concern on femtocell BS backhaul connection
Since the scope of IEEE 802.16 does not cover the connection management for the backhaul links, this contribution will focus on the air interface support in response to the reliability concern on femtocell BS.
III. Hardware Assumption to Support Femtocell Reliability Improvement
Figure 3 shows an example on basic assumption when discussing the support for femto ABS reliability improvement functions.

[image: image3.emf]DSP

PHY

RF

MAC

Network 

Processor

Power Buffer

Femtocell 

BS Device

Backhaul 

Modem

(e.g. xDSL, DOCSIS)

Data Traffic

Backhaul Connection Status

External 

Power Line

Internal Power Supply


Figure 3 An example on Femto ABS when supporting reliability improvement functions
IV. Proposed Text Modification to P802.16m System Description Document
---------------------------------------------------------Start of the Text-----------------------------------------------------------

[Adopt the following text modification start from line#51, page#494 in P802.16m/D1]
15.4.13 Femtocell BS Reliability

Femtocell BS shall disable downlink air interface transmitter as soon as the connection with the service provider network is lost for a configurable pre-defined time. In such a case, Femtocell BS should support the mechanisms to ensure service continuity of the MSs prior to disabling air interface. For example, the BS initiated handover depicted in 15.2.6. When femtocell BS is going to disable air interface by instruction or by accident, it should send out an indication, which contains available out-of-service information such as out of service reasons and expected downtime and/or expected uptime, to prevent MS entry or reentry from other cells. Upon reception of the indication, the subordinated MSs should perform handover to neighboring cells.
In order to support the functions to improve femtocell reliability, the Femto ABS should equip with backup power buffer to ensure the functions can be performed in a period of time when normal power supply is not available. Femto ABS may also learn the backhaul broadband connection status from the xDSL/DOCSIS modem and configure the message/signaling to support the functions identified in this section.
----------------------------------------------------------End of the Text-----------------------------------------------------------
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