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Abstract

This document presents the network reference model for IEEE 802.22b amendment.
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1. Overview
The 802.22b amendment shall be developed in accordance with the P802.22b Project Authorization Request (PAR) [1] and its Five Criteria Statement (5C) [2]. Additionally, the amendment should follow the system and functional requirements of 802.22b, although the requirements are not mandatory [3][4].
As such, the standard shall be developed as an amendment to 802.22. The resulting standard shall fit within the scope specified in P802.22b PAR. Requirements of 802.22b related to network operations include [3]:

· Device classes and complexity
[Req03] This amendment shall define at least two new classes of CPEs to effectively support different service applications of broadband services and monitoring applications. One class of CPE shall be designed with low complexity to fit for mornitoring applications.

· Network topology

[Req06] This amendment should support multi-hop connections within an WRAN network. 

For example,


L-CPE <-> H-CPE <-> BS
[Req07] This amendment may support peer-to-peer communications between CPEs controlled by BS. 

For example


H-CPE <-> H-CPE
2. Network reference model for 802.22b
A network reference model is a logical representative of the network architecture and identifies functional entities and reference interface over which interoperability is achieved between functional entities. The network reference model (NRM) for 802.22b is shown in Fig. 1. The following text describes details of the functional entities and interoperability interfaces of the network reference model.
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Fig. 1 Network reference model for 802.22b.
2.1 Functional entities
Functional entities indentified include new devices for 802.22b and corresponding management systems. Moreover, in order to support backward compatibility, legacy 802.11-2011 CPE is also included. 

New type CPEs for IEEE 802.22b include: 802.22b low-capability CPE (L-CPE) and 802.22b high-capacity CPE (H-CPE). Correspondingly, 802.22b BS must be included to manage and communicate to the two new types CPEs.
2.1.1 802.22b L-CPE

IEEE 802.22b L-CPE is terminal station mainly for metering and monitoring. It will be installed by end users at home, office, or on infrastructure, etc., therefore the quantity of this type of device in a single 802.22 network will be huge. For this reason, it is featured by low complexity, easy installation, and relatively short communication distance. In case it is installed with meter and battery is used, it needs to support power saving mechanism. Compared to 802.22-2011 CPE, data rate supported by 802.2b L-CPE can be hundreds kbps (for metering) to several Mbps. Correspondingly, the operation bandwidth of L-CPE can be several hundred kHz to several MHz. 

An IEEE 802.22b L-CPE must be connected to an IEEE 802.22b BS in operation. The connection can be direct, or via relaying of 802.22b H-CPE because of relatively short communication distance.  

802.22b L-CPE must follow TVWS regulations in operation as well, meaning that it must be enabled before accessing any vacant TV channel by 802.22b BS, which is able to visit TVWS geographic database.

2.1.2 802.22b H-CPE

802.22 H-CPE is enhanced 802.22-2011 CPE that is able to manage a local network consisting of a number of L-CPEs and to provide relay connections between L-CPEs and 802.22b BS. It can serve as end terminal for providing broadband service for end users and support mechanisms for higher data rate (compared to 802.22-2011). 

802.22 H-CPE supports peer-to-peer (PtP) communication under management of 802.22b BS. PtP communication allows direct transmission between any two H-CPEs in radio coverage each other. By doing so, throughput and bandwidth efficiency can be greatly improved for communications between H-CPEs in a single 802.22b network.

2.1.3 802.22b BS

802.22b BS is enhanced 802.22-2011 BS which is able to manage 802.22b L-CPE, 802.22b H-CPE, and 802.22-2011 CPE for backward compatibility. Higher aggregated data rate (compared to 802.22-2011) is supported. It manages relaying of H-CPE and peer-to-peer communications of H-CPEs. 

2.1.4 802.22-2011 CPE

IEEE 802.22-2011 CPE is customer premise equipment that is specified in IEEE std 802.22-2011. It communicates to 802.22-2011 BS in TV channels with a bandwidth of 6, 7 or 8 MHz. An 802.22-2011 network supports maximum 512 IEEE 802.22-2011 CPEs. In 802.22b network, an 802.22-2011 CPE is able to communicate to an 802.22b BS, without additional modifications in MAC and PHY of 802.22-2011. 

2.1.5 Network control and management system

Similar to IEEE std 802.22-2011, 802.22b networks may have multiple cells and then interfacing with entities for management and control are needed for multiple cells operation. These entities form Network Control and Management System (NCMS) of 802.22b. NCMS allows 802.22b MAC and PHY independent to network topology, the transportation network, and the network at backend, therefore allows great flexibility. NCMS logically exists in 802.22b BS and 802.22b CPEs (i.e., 802.22b L-CPE, 802.22b H-CPE, and 802.22-2011 CPE). 

2.2 Operation interfaces

As described in following text, a number of interfaces are identified for interoperation of the functional entities of 802.22b network.

2.2.1 U interface

In this reference network model, 802.22-2011 CPE and 802.22b BS communicate directly by interface U, by which backward compatibility of standard IEEE 802.22b is achieved. The MAC and PHY protocols and procedures for communication between 802.22-2011 CPE and 802.22b BS are specified in IEEE std 802.22-2011. 

2.2.2 ULB interface

Interface ULB defines MAC and PHY protocols and procedures for communication between 802.22b L-CPE and 802.22b BS. This interface differs from interface U since L-CPE can be simpler and supports much shorter communication distance when compare to 802.22-2011 CPE. The bandwidth of ULB varies from hundred kHz to several MHz (6, 7, or 8 MHz) and the data rate supported varies from hundred kbps to several Mbps. It may support power saving mechanisms in case battery is used.  

2.2.3 UHB interface

Interface UHB specifies MAC and PHY protocols and procedures for communication between 802.22b H-CPE and 802.22b BS. Its communication distance is equivalent to 802.22-2011 CPE and it may be enhanced in capabilities such as supporting to MIMO, carrier aggregation, etc. The bandwidth of UHB can be several MHz (6, 7, or 8 MHz) to tens MHz in case carrier aggregation is used. Data rate of UHB can be several to tens Mbps.

2.2.4 ULH interface

Interface ULH specifies MAC and PHY protocols and procedures for communication between 802.22b L-CPE and 802.22 H-CPE. Through this interface, local network consists of a number of 802.22b L-CPE can be managed by 802.22 H-CPE, and traffic between 802.22b L-CPE and 802.22b BS can be relayed by 802.22b H-CPE. Communication distance is much shorter than UHB. The bandwidth of ULH varies from hundred kHz to several MHz (6, 7, or 8 MHz) and the data rate supported varies from hundred kbps to several Mbps. Power saving mechanisms may be supported if battery is used.

2.2.5 UHH interface

In case of multi-hop relay and peer-to-peer communications, interface of UHH that specifies MAC and PHY protocol for communication between two 802.22b H-CPEs is used. Bandwidth of UHH varies from several MHz (6, 7, or 8 MHz) to tens MHz (if carrier aggregation is used), and data rate are from several to tens Mbps. 

2.2.6 Interface between NCMS and 802.22b BS/CPEs

In the network reference model, management service access point (M-SAP) and control service access point (S-MAP) are used for communications between 802.22b BS/L-CPE/H-CPE and network management and control system.

2.3 Sub-systems

2.3.1 Network 802.22b L-CPE communications to 802.22b BS directly

In the network reference model, an 802.22b L-CPE is allowed to directly communicate to an 802.22b BS via interface ULB. Entities of this subsystem include 802.22b L-CPE, 802.22bBS, and network control and management system at both L-CPE and BS side. The network connections include management links and data communication links between L-CPE and BS. The communication distance can be up to several kilometers.  

2.3.2 Network 802.22b H-CPE communications to 802.22b BS directly

In the network reference model, an 802.22b H-CPE is allowed to directly communicate to an 802.22b BS via interface UHB. Entities of this subsystem include 802.22b H-CPE, 802.22bBS, and network control and management system at both H-CPE and BS side. The network connections include management links and data communication links between H-CPE and BS. The communication distance can be up to hundred kilometers. 

2.3.3 Network 802.22b L-CPE communications to 802.22b BS by 802.22b H-CPE relaying

In the network reference model, an 802.22b L-CPE is allowed to communicate to an 802.22b BS by relaying of at least one 802.22b H-CPE. Entities of this subsystem include 802.22b L-CPE, 802.22b H-CPE, 802.22bBS, and network control and management system at both CPE and BS side. L-CPE communicates to H-CPE via interface ULH, and H-CPE communicates to BS via interface UHB. The network connections include management links and data communication links between L-CPE and H-CPE, and H-CPE and BS. The communication distance between an L-CPE and H-CPE can be up to several kilometers, and the communication distance between an H-CPE to a BS can be up to hundred kilometers.

2.3.4 Network 802.22b H-CPE communications to 802.22b BS by 802.22b H-CPE relaying

In the network reference model, an 802.22b H-CPE is allowed to communicate to an 802.22b BS by relaying of at least one 802.22b H-CPE. Entities of this subsystem include 802.22b H-CPE, 802.22bBS, and network control and management system at both CPE and BS side. H-CPE communicates to H-CPE via interface UHH, and H-CPE communicates to BS via interface UHB. The network connections include management links and data communication links between H-CPE and H-CPE, and H-CPE and BS. Communication distance between two H-CPEs can be tens kilometers, and communication distance between H-CPE and BS can be up to hundred kilometers. 

2.3.5 Network 802.22b H-CPE peer-to-peer communication

In the network reference model, an 802.22b H-CPE is allowed to communicate to another H-CPE directly via interface UHH. Entities of this subsystem include 802.22b H-CPE, and network control and management system at CPE side. The network connections include management links and data communication links between H-CPE and H-CPE. H-CPE peer-to-peer communications are under management of the serving 802.22b BS. Communication distance between two H-CPEs can be up to hundred kilometers.
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