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Priority Access Operation in 802.16n
1 Introduction
Priority access is one of the important requirements of the Emergency Telecommunications Service (ETS) [1]. ETS is a telecommunications service to facilitate emergency recovery operations for restoring the community infrastructure and for returning the population to normal living conditions after serious disasters and events, such as floods, earthquakes, hurricanes, and terrorist attacks. The ETS will be provided through shared resources from the public telecommunications infrastructure, which includes wireline, wireless, satellite, broadband cable, and any hybrid networks. ETS traffic needs to access, traverse, and egress these networks. Voice, video and data services are supported by ETS.

The DHS/NCS initiatives: Next Generation Network (NGN) Government Emergency Telecommunications Service (GETS), Legacy GETS, and Wireless Priority Service (WPS) are the USA instantiation of the international standard for ETS.  Especially, the GETS and WPS respond to the White House’s requirement for "national security and emergency preparedness communications …under all circumstances including crisis or emergency, attack, recovery, and reconstitution…" (Executive Order 12472).  Priority access is required for National Security and Emergency Preparedness (NS/EP) users for conducting their missions effectively during disasters using various 3G/4G wireless technologies including WiMAX.
This contribution proposes text for priority access operation for Sections 17.2.8 and 17.3.8 in 802.16n Amendment Working Document (AWD).  Priority access is provided using communication mechanisms recommended in the 802.16n SRD.  These mechanisms include 1) mobile direct communication (MDC), 2) mobile forwarding, 3) local forwarding, and 4) multi-mode operation.  The following section defines each mechanism and the benefits it provides to priority access.  This contribution also discusses how the components interface with each other in a modular fashion to support the larger priority access framework.

2 Components of the Enhanced Priority Access Framework
The priority access framework includes four modules that are independent but can work together to provide priority access services.  Each of the four modules is described below, as well as how it provides priority access.  The relationships and interactions between the modules are discussed in Section 3.
2.1 Mobile Direct Communication
Mobile Direct Communication (MDC) allows one HR-MS to communicate directly from another HR-MS for transport traffic, without passing through an infrastructure station.  The HR-MSs may still rely on the infrastructure station for call setup and scheduling.  A framework to support MDC was previously proposed in [3].  We support the cases where at least one of the HR-MS is in coverage and associated with to an infrastructure station.
It is common for many NS/EP users to congregate in a local during a disaster.  MDC can enhance priority access, especially in during an emergency response, by allowing NS/EP users in proximity of each other to communicate directly, which can offer substantial benefits in terms of performance [4] and battery savings.  The entire system benefits as well by improving the spectrum efficiency of priority users, potentially freeing up spectrum resources for other subscribers.

2.2 Mobile Forwarding

Mobile forwarding allows an HR-MS to act as a relay that forwards data between an infrastructure station and another HR-MS.  This allows service to be extended to disadvantaged nodes, i.e. subscribers outside the service area of any infrastructure station.  It is expected that priority users would only act to forward service to other priority users.  A disadvantaged priority user could also use a regular subscriber as a forwarding, or donor, node.
Mobile forwarding enhances priority access by extending service to NS/EP users who are out of normal service range of the network infrastructure.  This is extremely important for NS/EP priority users during an emergency, as that disadvantaged user may require immediate assistance to aid themselves or others.  Mobile forwarding can also improve bandwidth efficiency for users on the outer edge of an infrastructure station’s service range.  But mobile forwarding should be used very sparingly to improve the performance of a non-disadvantaged node since it places a burden on the performance and battery of the forwarding subscriber.  For example, only a user with a very high priority level may use mobile forwarding in this scenario.
2.3 Local Forwarding

Local forwarding allows HR-MSs to communicate with each other via an infrastructure station (i.e., HR-RS or HR-BS) without going through the backhaul.  For example, an HR-RS can forward traffic directly to the destination HR-MS if both are within the relay’s service range, or directly to another HR-RS which can forward traffic to the destination.  Previous contributions have discussed the benefits and details of local forwarding for 802.16n networks [5].
Local forwarding enhances priority access by making communication between local users more efficient.   It also enables the deployment of closed-group HR-RSs that can provide even better service to NS/EP users in a specific area.  A closed-group HR-RS can provide infrastructure services exclusively to priority users in the area.  Regular users can also benefit from local forwarding, which in turn can improve the spectrum efficiency of the entire system.  
2.4 Multi-modal Operation and Support
Multi-mode devices are those that can take on more than one role while participating in an 802.16 network.  For priority access operation, the following multi-mode devices are recommended and shall be supported:
· An HR-BS (affected HR-BS) may operate as a relay station to communicate with another HR-BS (serving HR-BS) that has connection to the backhaul network.  A node that switches its role to a HR-RS may choose to operate under either simultaneous transmit and receive (STR) or time-division transmit and receive (TTR) mode.
· An HR-MS may operate as an HR-BS to provide connectivity for itself and other HR-MSs. While operating as an HR-BS, the station may maintain certain HR-MS functionalities. A mode switch to HR-BS may be initiated by the HR-MS itself or may be directed by the superordinate HR-BS of the HR-MS.

· An HR-MS may operate as an HR-RS to provide connectivity for multiple out-of-coverage HR-MSs. While operating as HR-RS, the station may maintain certain HR-MS functionalities.  A mode switch to HR-RS shall be initiated by its superordinate HR-BS unless the HR-MS is out of coverage of any other infrastructure station.
· An HR-RS may operate as an HR-BS if the HR-RS is out of coverage of any other infrastructure station.
· Priority access operation can be provided by dynamic adding roles to nodes to better support groups of disadvantaged users such that services can still be provided to priority users when infrastructure stations are unavailable.
· Multi-mode operation support increases the resiliency and robustness of the network, allowing it to adapt to its environment and better serve all of its users.
3 Component Interactions

The components listed above are independent yet capable of being deployed in a modular fashion, and when used together can provide enhanced priority access to NS/EP users.  A network can implement none, some, or all of the modules in a variety of combinations in this section.  Since the modules are independent of the each other, the absence or presence of one does not require or alter the functionality of another.  But as more modules and their various combinations are deployed, the efficiency and flexibility of the system should be enhanced.  The remainder of this section provides guidelines for how components interact with each to provide priority access operation.
Table 1 summarizes which modules of the priority access framework are capable of interacting with each other.  The numbered list below also details each of the potential module interactions.  Where module interactions occur, the corresponding cell in Table 1 references the numbered item that discusses the specific interaction.  
Table 1: Module Interaction Summary

	
	MDC
	Mobile Forwarding
	Local Forwarding
	Multi-mode

	MDC
	Limited1
	Yes2
	None
	Yes/No3

	Mobile Forwarding
	
	Limited4
	Yes5
	Yes/No6

	Local Forwarding
	
	
	N/A
	Yes/No7

	Multi-mode
	
	
	
	Yes8


1. The 802.16n SRD specifies in Section 6.1.3.1.2 that 2-hop MS to MS direct communication shall be supported [6].  Therefore, back-to-back MDC communication should be supported to meet this requirement.  But MS to MS communication should be limited to no more than 2 hops so that a full Mobile Ad-Hoc Network (MANET) routing protocol is not required.
2. Similar to the previous item, MDC and mobile forwarding should only be used together to support 2-hop MS to MS communication, where in this case one of the endpoints is a disadvantaged node.  Under this scenario, mobile forwarding is only used to allow the disadvantaged node to coordinate with the infrastructure; data communication between the two MS endpoints is performed exclusively with MDC.
3. MDC can be used with a multi-mode node that has assumed the role of an HR-MS.  An MS can still communicate directly with a multi-mode node that has assumed an infrastructure role, but the communication would no longer be classified as MDC.
4. Mobile forwarding can be used with itself to allow two disadvantaged nodes to communication with each other.  Mobile Forwarding can also potentially be used with itself to support a special case of (2), where both endpoints are disadvantaged.

5. Mobile forwarding and local forwarding can be used in combination to extend/improve service between an MS and the infrastructure.  While mobile forwarding is used to establish communication between a disadvantaged HR-MS and an infrastructure station, local forwarding can be used to more efficiently transport the data within the infrastructure, regardless of how the data entered in the infrastructure.  Mobile forwarding can be used on one or both ends of the connection, if required.
6. Mobile forwarding may be used with multi-mode nodes, assuming that the multi-mode node has assumed the appropriate role.  For example, the multi-mode node can only be a donor to a disadvantaged node if it is in an HR-MS role.  Once a node assumes an infrastructure role, the nodes within its signaling range are no longer disadvantaged, and thus can only participate in local forwarding by interacting with a donor serving another disadvantaged node.

7. A multi-mode node that assumes an infrastructure role can use and participate in local forwarding for more efficient communication through the network infrastructure.  A multi-mode node that has assumed an MS role does not directly use or participate in local forwarding.
8. Two multi-mode nodes may interact with each other under the previously established protocols for their roles.
4 Additional Guidelines for Best Practices During Priority Access Situations

In this section, some general guidelines are listed that should be considered when planning and deploying 802.16n services for priority access operation.  These guidelines will help ensure NS/EP users are provided enhanced and efficient priority service during times that are most demanding for wireless services.

· A number of HR-MSs should have multi-mode support to become a HR-CSGRS.  If the HR-MS detects multiple disadvantaged or near-disadvantaged users in its vicinity, it can switch modes to become an HR-CSGRS and better serve the area.  
· A multi-mode device that can serve as a HR-BS and HR-CSGRS is recommended.  If the infrastructure is intact, it is deployed as a relay to provide enhanced service on top of the existing network.  If infrastructure is crippled, it is deployed as a HR-BS so that priority users have service in the local area.
· Infrastructure nodes, including HR-BSs and HR-CSGRSs, should be deployed to provide maximal coverage for priority HR-MSs; as a result, the number of priority HR-MSs that are disadvantaged can be minimized.  Mobile forwarding is inefficient and can place an unnecessary burden on other HR-MSs.  
· Guidelines are needed to specify how many infrastructure stations should be deployed to support a given number of subscribers based on their traffic demands.  For example, an infrastructure station (i.e. HR-CSGRS) should be used for every 50 priority subscribers; one HR-BS is needed for every 200 subscribers.

5 Recommended Text

5.1 Section 17.2.8
Priority users may have multiple priority levels.  Priority indication needs to be marked on the service request for HR-MS to HR-MS direct communication/forwarding.  The network authenticates the identity of priority user, and further determines their priority level.
Priority users will provide HR-MS to HR-MS direct communication/forwarding services to other priority users only, not to regular users (except 911 calls).

Priority users with equal or lower priority level must offer themselves to act as a donor HR-MS, and provide forwarding services only to the other priority users with a priority level equal or higher. 
When service requests are received from multiple initiating HR-MSs for HR-MS to HR-MS direct communication/forwarding, the following guideline is used.

· The service request from a priority user has precedence over a regular user.

· The service request for HR-MS to HR-MS direct communication peer to peer service has precedence
 over forwarding service for the same priority level of priority users.
A Closed Subscriber Group Relay Station (HR-CSGRS) can be used to provide exclusive access to priority users in a local service area.  A HR-MS that is not a part of the closed subscriber group shall not attempt to register with the HR-RS. An HR-CSGRS must authenticate itself with the ASN before providing service to local users.
Some priority HR-MS devices should be capable of serving as an HR-CSGRS, and automatically switch to that role when it detects a number neighboring disadvantaged priority users.
Multi-mode devices that can serve as either an HR-BS or HR-CSGRS shall be supported and are recommended for organizations with many priority users.
Organizations with priority users should follow guidelines that recommend how many infrastructure stations (both HR-BSs and HR-RSs) should be deployed to support a given number of subscribers based on their traffic demands.  The exact guidelines are beyond the scope of the standard and situation-dependent.
Infrastructure nodes should be assigned to maximize the coverage area for priority users; as a result, the number of disadvantaged priority users can be minimized.
When granting the service requests at the ASN, NS/EP users should have priority over radio resources.  For the US, the algorithm to support priority scheduling is defined by the FCC in Hard Public Use Reservation by Departure Allocation (PURDA) [6].
5.2 Section 17.3.8

Same as the proposed text for 17.2.8.
6 Conclusions
We have presented the proposed text for priority operation.  We would like the proposed test to be included in Sections 17.2.8 and 17.3.8 of 802.16n AWD.
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� The rational for this decision is that HR-MS to HR-MS direct communication is more efficient than HR-MS forwarding.





PAGE  
6

