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Coexistence Manager for Co-deployment of IEEE 802.16m with other networks 

Yang Feng, Qiu Jigang, Xu Binyang
Alcatel-Lucent
1 Introduction 

IEEE 802.16m shall be deployed in the same or overlapping geographical areas with other wireless networks based on different radio access technologies (RAT). Depending on the bands where IEEE 802.16m is expected to be deployed, different coexistence scenarios shall be supported. For instance, IEEE 802.16m may operate in the adjacent licensed frequency bands such as CDMA2000, 3GPP (e.g., GSM, UMTS, HSDPA/HSUPA, LTE), in unlicensed bands such as 802.11 and 802.15.1 networks, or in the same frequency band on an adjacent carrier such as TD-SCDMA. Generally, depending on the bands where IEEE 802.16m is expected to be deployed, typical coexistence scenarios can be envisaged including:
1. IEEE 802.16m and non 802.16m systems may be deployed in the same licensed band.
2. IEEE 802.16m may be deployed in a licensed band adjacent to an unlicensed band in which non 802.16m systems are deployed.
3. IEEE 802.16m may be required to share bands on a co-channel basis with other 802.16m systems, or with non 802.16 systems where 802.16m is either the primary or non-primary system.
As a case, a typical deployment for coexistence is illustrated in Fig. 1, where multiple wireless coexistence systems are operated at the same time and location.
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Fig.1 Mutual interference when multiple systems coexist

As illustrated in Fig.1, three types of mutual interference may occur, namely, BS-BS interference, BS-SS interference and SS-SS interference. To improve the spectrum efficiency and guarantee QoS of services, it is important to identify and resolve the mutual interference among these systems. 
The 802.16m standard shall provide a method whereby coexistence of networks specified on the basis of the IEEE 802.16m amendment with these networks as well as other IEEE 802.16 networks can be achieved from the perspective of both being an interferer and being a victim. This contribution presents a Coexistence Manager to achieve the co-deployment of 802.16m with other wireless networks.

2 Coexistence Manager
To cope with the coexistence with other networks, Coexistence Manager is required to manage the frequency resource efficiently and avoid the harmful interference. The protocol reference model is illustrated in Fig. 2. The Coexistence Manager is composed of three major functional modules: Control of spectrum sensing, Interference management and Spectrum management. 
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Fig. 2 Protocol reference model of IEEE 802.16m to support coexistence with other networks

2.1 Control of Spectrum Sensing

Coexistence manager is in charge of the control of the spectrum sensing. Spectrum sensing is the process of observing the RF spectrum of an interested channel to determine if that channel is available. Spectrum sensing is conducted by spectrum sensing function (SSF) residing in PHY layer. The SSF is performed in both base station and terminals to collect the information on the RF usage in a particular area. The coexistence manager shall schedule a proper sensing time slot to conduct spectrum sensing. Upon the various coexistence scenarios, different sensing algorithms shall be utilized. For fine sensing, longer sensing time shall be allocated by coexistence manager, which collects more information of the detecting signals. For coarse sensing, shorter sensing time is required, which monitors the channel more frequently. Also, coexistence manager shall define the input and output of SSF based on the system requirement. For example, the input of SSF shall include channel number, channel bandwidth, signal type, sensing mode, maximum false alarm rate, tolerable mis-detection probability, etc. The output of SSF can include signal presence result, sensing confidence, sensing error deviation, etc. For some coexistence scenarios, IEEE 802.16m operates in the adjacent licensed or unlicensed frequency bands. In this case, coexistence manager shall guide the SSF to sense the adjacent frequency bands to avoid interference to these systems.
2.2 Interference Management
With the information obtained by means of spectrum sensing, coexistence manager can adopt different mechanisms to achieve the dynamic interference management, upon the various coexistence scenarios. These interference resolving mechanisms may be one or the combination of transmission power control, adaptive frame scheduling, dynamic channel/frequency selection, etc. The principle to apply resolving mechanisms shall be highly flexible and adaptive to the environment, and can react to sudden changes in external environment.
In addition, in collaborative mode, 802.16m can negotiate with other 801.16-based or non-802.16 systems to share their interference information and other resource information. In this scenario, coexistence manager shall manage the inter network communication. For inter-system communication, IP-level messages, MAC level messages and coexistence signaling shall be defined at the infrastructure and at the radio level. For instance, coexistence manager can use beacon throwing mechanism, to indicate its occupation and avoid the contention from other 802.16m networks.

2.3 Spectrum Management

The spectrum management of the coexistence manager is mainly dealing with inter-system spectrum allocation between 802.16m system and other co-deployment systems and intra-802.16m system spectrum allocation.  The objective of spectrum management is to maximize spectrum utilization efficiency, minimize mutual interference, provide system-level spectrum sharing fairness and traffic QoS guarantee. To be specific, the spectrum management should be equipped with functions of inter-system spectrum sharing among co-deployment systems with 802.16m being either licensed system or non-licensed system. If 802.16m acts as licensed system, the spectrum management of it shall have the ability to coordinate spectrum sharing/competition process, such as spectrum renting or auction to enable effective spectrum sharing among multiple systems. When 802.16m acts as non-licensed system, the spectrum management shall provide the ability to minimize the interference to other co-deployment systems. However, the intra-802.16m system spectrum allocation is responsible for utilizing the available spectrum in an effective manner to provide 802.16m beared services, such as enhanced multicast broadcast service (EMBS) and location based service (LBS), etc, QoS guarantees.
The spectrum management can be achieved through appropriate operating channel management and interference-free scheduling mechanisms deployed in the spectrum management. Taking the operating channel management as an example, a channel set list may be maintained in the spectrum management to avoid harmful interference. The channel set list shall include active set, occupied set, candidate/backup set, null set and disallowed set. When one channel becomes disallowed, spectrum management component shall command PHY layer to stop transmission in this particular channel or switch to other candidate/backup channel. The channel set list shall be updated promptly according to the collected observation from SSF residing in the component of control of spectrum sensing. 
3 Creation of Table of Content

To enable co-deployment of 802.16m with other networks, we propose to create a new chapter in the Table of Content as follows:

Chapter X. Co-deployment with other networks

X.1 Introduction to Co-deployment of 802.16m with other networks

X.2 Coexistence Manager

X.2.1 Introduction to Coexistence Manager

X.2.2 Key functions of Coexistence Manager

   X.2.2.1 Control of spectrum sensing
     X.2.2.1.1 Spectrum sensing function

     X.2.2.1.2 Interface and input parameters
   X.2.2.2 Interference management
X.2.2.3 Spectrum management
X.2.3 Interface definition of coexistence manager
    X.2.3.1 Inter network communication

Because the coexistence manager requires the support from MAC and PHY, the related sections in MAC and PHY chapters shall be modified accordingly. 
4 Summary of the contribution

Coexistence manager is responsible for spectrum sensing control, interference management and spectrum management, inter network communication, etc. With the aid of coexistence manager, 802.16m can be deployed with other networks in the same or overlapping areas in an optimum manner. 
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