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1 Overview

The 802.16n amendment shall be developed in accordance with the P802.16 project authorization request (PAR) [1] with its accompanying Five Criteria Statement.

The standard shall be developed as an amendment to 802.16. The resulting standard shall fit within the following scope:

This amendment specifies protocol enhancements to the IEEE 802.16 MAC for enabling increased robustness and alternate radio path establishment in degraded network conditions. Limited OFDMA PHY extensions are included for enabling operation with radio path redundancy and direct communication between subscriber stations. Also mobile base stations and mobile relay stations are supported. Support for enabling application specific specialized security suites is also provided.

With the explanatory note:

Operation in licensed, unlicensed and lightly licensed spectrum bands below 6 GHz with means and mechanisms to coexist with other radio access technologies (RATs) is supported.

This document represents the high-level system requirements for the 802.16n amendment.  All content included in any draft of the 802.16n amendment shall meet these requirements. This document, however, shall be maintained and may evolve. These system requirements embodied herein are defined to ensure competitiveness of the amended standard against other mobile broadband radio access technologies in those areas defined by the PAR and Five Criteria Statement. These system requirements also call for significant gains and improvements relative to the preexisting IEEE 802.16 system that would justify the creation of the amendment. To accelerate the completion and evaluation of the standard, to improve the clarity and reduce complexity of the standard specification, and to further facilitate the deployment of new systems, the number of optional features should be minimized.

2 References

1. IEEE P802.16n PAR and 5C in 80216gman-10_0018r2.doc 

2. IEEE P802.16m System Requirements Document (SRD)

3 Definitions

	
	 The definitions below have been agreed in the PAR

	Degraded Network
	The failure of one or more 802.16 network infrastructure nodes or network connectivity 

	Robustness
	The capability of the network to withstand and automatically recover from degradation to provide the required availability to support mission critical applications (essential to the core function of society and the economy). E.g. the ability to recover from a single point of failure

	Mobile Base Station
	A base station which is capable of maintaining service while moving

	Radio Path Redundancy
	The ability to provide alternative paths between base stations, relay stations, and subscriber stations

	
	Other definitions 

	HR-MS
	A subscriber station that complies with the requirements for subscriber stations in this amendment

	HR-BS
	A base station that complies with the requirements for base stations in this amendment

	HR-RS
	A relay that complies with the  requirements for relays in this amendment

	HR-network
	A network whose nodes comply with their respective HR requirements in this amendment

	Minimal QoS 
	The combination of data rate, latency and other relevant parameters hat are considered necessary to establish a radio link

	Radio Connectable
	The ability of any two nodes to communicate directly at a certain minimal QoS 

	Infrastructure node
	An HR-BS or HR-RS 


4 Abbreviations and Acronyms

	
	

	SPOF
	Single point of failure
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5 General Requirements

5.1 Compatibility with other 802.16 equipment
This section pending results of ongoing discussion re baseline for the enhancements

HR-Network shall have the capability to provide continuing support and interoperability for AAI MS, RS and BS as well as for WirelessMAN-OFDMA MS and BS. HR-Network shall provide the ability to disable  WirelessMAN-OFDMA support.

The following are backward compatibility requirements:  

· An HR-MS shall be able to operate with an ABS , at a level of performance no lesser than that of an AMS.

· An  HR-BS  shall be able to operate with an AMS , at a level of performance no lesser than that of an ABS

· All legacy requirements that apply to AMS, ABS and ARS with respect to WirelessMAN-OFDMA shall also apply to  HR-Network nodes 
· An HR-BS shall support a mix of HR-MS and AMS when both are operating on the same RF carrier.

· An IEEE  HR-BS  shall be able to support a WirelessMAN-OFDMA MS while also supporting AAI MSs on the same RF carrier, at a level of performance equivalent to that a legacy BS provides to a legacy MS.

5.2 Complexity

IEEE 802.16n amendment should minimize complexity of the architecture and protocols and avoid excessive system complexity.  It should enable interoperability of access networks, support low cost devices and minimize total cost of ownership.

IEEE 802.16n should only provide enhancements in areas where current 802.16 system does not meet the requirements in this document. The IEEE 802.16n system shall satisfy the performance requirements in this document.  
5.3 Services

TBD

5.4 Operating Frequencies

802.16n shall operate in all radio frequencies where 802.16m operates and meet coexistence requirements defined in section 5.4 of [2].

802.16n shall also operate in unlicensed and lightly licensed spectrum bands below 6 GHz with means and mechanisms to coexist with other radio access technologies (RATs) 
5.5 Operating bandwidths

802.16n shall meet requirements in section 5.5 of [2].

5.6   Duplex schemes

802.16n shall meet requirements in section 5.6 of [2] unless not allowed by network topology.

5.7 Support for Government mandates and public safety

802.16n shall meet requirements in section 5.8 of [2].

6 Functional Requirements

 HR-Network devices shall comply with all AAI functional requirements unless indicated below. Additional functional requirements are indicated in this section.

6.1 Network robustness requirements 

6.1.1 No single point of failure

An HR-network (i.e. a network composed only of HR-Network  nodes) shall be able to recover from any single point failure in any of its  infrastructure  nodes (i.e. all nodes excluding the subscriber station) or any of its radio links. 

6.1.2 Support of no SPOF feature

The following features of the HR-network are used to prevent SPOF:

6.1.2.1 Mobile to Mobile direct link

The HR network shall support MS-MS direct communication to relay user data and control signaling between HR nodes. 

The HR-MS shall support relaying between two HR-MS (MS-MS-MS configuration), an HR-MS and HR-BS (MS-MS-BS configuration)  , and HR-MS and HR-RS (MS-MS-RS) .

The HR-network shall support HR-MS discovery by other HR-MS.

6.1.2.2 Relaying operation between cells
The HR-network shall support inter-cell relaying. In case of a failure of HR-BS backhaul the HR-BS shall be able to maintain service to its HR-MS and HR-RS by conveying user data to and from another HR-BS.  
HR-Network shall support either or both of the following:

6.1.2.2.1 HR-BS reconfiguration for relaying
MAC and PHY mechanisms to support reconfiguration of an HR-BS for relaying to another HR-BS 
6.1.2.2.2 Base stations communicates through a relay 
HR-BS communicates to another HR-BS through a relay. 

HR-RS relays user data between two HR-BS.

6.1.2.3 Multi-hop relaying 

All HR nodes that are capable of relaying shall support multi-hop relaying.

6.1.2.4 Network behavior in the case of failure 
6.1.2.4.1 HR-MS behavior
An HR-MS in an HR-network shall be able to detect the failure of its nearby serving infrastructure node or the inability to maintain connection to it. The HR-MS shall attempt to reestablish connection through another infrastructure node. If no other infrastructure node is available the HR-MS shall attempt to connect through another HR-MS. 

6.1.2.4.2 HR-BS and HR-RS behavior
An HR-BS shall be able to detect the loss of backhaul connectivity. An HR-BS that loses its backhaul shall attempt to continue to serve its attached mobiles by either of the following:

1) The HR-BS shall reconfigure itself as an RS. It shall then attempt to attach itself as a relay to another BS or HR-RS. If successful, it shall then serve its mobiles as a relay.

2) The HR-BS shall seek a connection through an RS that is attached to another cell while maintaining its behavior as a BS.
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 HR-Network robustness examples (informative)
Legend: BS (1) has lost its backhaul, can now convey user data to another BS directly (2) or through relay (3). MS (4) and (5) lost communication with serving BS, now use other MS to connect
6.2 Requirements for Direct communication between subscriber stations

6.2.1 Topology of MS-MS direct communication 

The HR-Network shall support MS-MS direct communication, whether or not all HR-MS have any connectivity to an HR-BS or HR-RS. 

6.2.2 Uses of MS-MS direct communication

MS-MS direct communication shall support both relaying and HR-MS to HR-MS communication of user data.  
6.2.3 Node discovery

The HR-Network shall support the HR-MS discovery by other HR-MS, defined here as the capability to establish the presence and capabilities of other HR-MS, including their connectivity status to other nodes

6.2.3.1 Autonomous node discovery

The HR-Network shall support autonomous discovery of HR-MS by other HR-MS without any information or signaling with network infrastructure nodes.

6.2.3.2 Network aided node discovery

The HR-Network shall support discovery of HR-MS by other HR-MS with the aid of network provided information and signaling.

6.2.4 Route discovery

HR-Network shall support route discovery from, to and between HR-MS. HR-BS shall support route discovery for HR-MS within its range. HR-MSs shall be able to perform autonomous route discovery for each of their connections in case they are not within range of a serving HR-BS. The connection could be to another HR-MS, or it could eventually be routed to an infrastructure node

6.2.5 Establishing direct communication

6.2.5.1 BS or relay support for establishing direct communication 

An HR-Network infrastructure node (HR-BS or HR-RS) shall support connection establishment between any two HR-MS associated with it. 

6.2.5.1.1 When all MS can be controlled by the BS

An HR-BS shall be capable of providing the necessary signaling support for direct communication establishment between two HR-MS associated with it. HR-MS shall establish a connection based on HR-BS signaling.

6.2.5.1.2 When some MS cannot be controlled by the BS 

Direct communications between MS shall be supported between MS that cannot be directly controlled by a BS or relay [due e.g. to their being out of range from an operational BS or relay]. 

HR-MS that are within range of HR-BS shall be capable of relaying signaling for the establishment of a connection to HR-MS that are outside range of a HR-BS. 

6.2.6 Managing direct communication 

6.2.6.1 BS and relay support of managing of direct communication 

HR-BS and HR-RS shall be capable of sending scheduling information for direct communication between two HR-MS associated with it

6.2.6.2 Direct communication without BS or relay management 

HR-MS that are within range of an HR-BS or HR-RS shall be able to relay or generate scheduling and other controlling information to other HR-MS. HR-MS that are not within range shall be able to receive and act on that controlling information.
6.2.7 MS-MS communication in broadcast / multicast mode

HR- network shall support broadcast / multicast MS-MS communication. 
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Figure 2: Illustration of MS-MS topologies (Informative). 

Legend: (1) HR-MS M6 and M7 have a network aided connection while being both connected to a base station; (2) HR-MS M4 cannot receive the BS, receives its data through M5 in an MS-MS-BS configuration; (3) HR-MS M3 receives its data through M2, M1 and the relay HR-RS.

6.3 BS mobility requirements

TBD

6.4 Relay mobility requirements 

TBD

6.5 Security requirements

The HR-Network topology shall not degrade the security performance achieved with AAI in hierarchical network topology.

6.5.1 HR-Network specific security requirements

TBD

6.6 Coexistence requirements in unlicensed and lightly licensed spectrum 

802.16n devices shall comply with regulators’ respective requirements for operation in unlicensed and lightly licensed spectrum.
6.7 Multi Carrier operation

The HR-Network shall support multicarrier operation in licensed, unlicensed and lightly-licensed licensing environments. . 

An HR-MS that supports MC operation in different licensing environments shall be able of operating in all three types of spectrum at the same time.

7 Performance Requirements 

 HR-Network devices shall comply with all AAI performance requirements unless indicated below. Additional performance requirements are indicated in this section. When operating in 802.16m mode, an HR-Network device shall comply with all 802.16m performance requirements.

7.1 Requirements on network robustness

A subscriber node shall be considered always serviceable if there exists at least one node  that can establish an alternative a path of minimal QoS between that node and a backhaul presence point. 

[There are no specific requirements pertaining to the existence or likelihood of serviceable nodes in the network (as this is a matter of deployment).]
7.1.1 Recovery time from HR-BS backhaul failure
TBD
7.1.2 Recovery time from HR-BS failure
TBD
7.1.3 Recovery time from HR-RS failure
TBD
7.2 Mobile to mobile performance requirements 

7.2.1 Peak throughput
TBD
7.2.2 Cell-average throughput 
TBD
7.3 Cell coverage

 HR-Network cell coverage shall meet or exceed AAI requirements for same topology. 

7.3.1 Cell coverage with mobile relaying

Cell coverage is defined as the percentage of HR-MS that can be served with sufficient QoS for a given deployment. Cell coverage shall exceed TBD%

7.4 Cell average throughput

 HR-Network cell average throughput shall meet or exceed AAI requirements for same topology. 

7.4.1 Cell average throughput with MS-MS relaying
TBD
7.4.2 Cell average throughput with local traffic
TBD
7.5 Cell edge throughput

HR-Network cell edge throughput shall meet or exceed AAI requirements for same topology. 

7.5.1 Cell edge throughput with MS-MS relaying
TBD
7.5.2 Cell edge throughput with local traffic
TBD
7.6 Node discovery performance

7.6.1 Node discovery success rate

7.6.1.1 MS-MS node discovery

An HR-MS shall be able to autonomously detect a neighbor within TBD-meter range with a TBD% success rate within the node discovery time.

An HR-MS shall be able to detect a neighbor within TBD-meter range with a TBD% success rate within the node discovery time when aided by the network.
7.6.1.2 Other nodes

TBD
7.6.2 Node discovery time

An HR-MS shall be able to autonomously detect a neighbor within a TBD meter range within TBD seconds. 

An HR-MS shall be able to detect a neighbor within a TBD meter range within TBD seconds when aided by the network. 

7.7 Direct connection establishment performance 

7.7.1 Direct connection establishment time between MS
TBD
7.7.2 Direct connection establishment time between base stations and relays
TBD
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