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1. Introduction
A base station failure is very disruptive. All stations served by the BS will have to look for neighboring BS to perform network entry. This will cause a usage spike in physical resources, and may cause neighboring BSs to be swarmed. There may be further delay incurred since initial ranging is contention-based. Furthermore, all ongoing service flows will have to be reinitiated, resulting in longer delays for service re-connections at the upper layers.

The 802.16n SRD requires the HR-network to support establishment and maintenance of alternative paths to support fast recovery in the event of disruption. We propose to factor the possibility of multi-mode into alternative path establishment in event of a BS failure, in order to minimize disruption caused in terms of recovery time and physical resource utilization. Specifically, the HR-network shall prepare and maintain a failover topology of alternate paths with role-changed stations, and support fast network recovery with failover configuration.
2. Alternative paths and configuration after a BS failure for HR-Network
Upon a HR-BS failure, all stations in network would be in one of the following networks after attempts to recover:

1. Join another BS/RS. Another BS/RS is in the vicinity.

2. Standalone network without BS/RS. No infrastructure stations are reachable.

With HR-MSs capable of multi-mode, two additional cases are possible, and the size of the standalone network may be further reduced.
3. Backup BS (B-BS). A HR-MS assumes the role of a HR-BS. Neighboring stations join the new HR-BS.

4. Join another BS via a backup RS (B-RS). A HR-MS assumes the role of a HR-RS. The new HR-RS joins another BS in the vicinity, and neighboring stations join it via the new HR-RS.

Terminology:
· Failover Stations: We call HR-MSs, which switch modes in cases 3 and 4, Failover Stations.

· Failover Topology: we call the collection of alternative paths of all subordinate stations of BS-0 a failover topology.
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Figure 1. Failover configuration of BS-0. Solid lines represent the links with BS-0 before failure. Dotted lines represent the links after failure. Each dotted eclipse represents a new network after failure.
Fig. 1 shows the four possible cases with Failover Stations. The rightmost network is Case 1 where another HR-BS, BS-1, is in the vicinity and connections related to HR-MS3 joins BS-1 after BS-0 failed. The network in the center is Case 3 where a HR-MS role-changed to HR-RS and HR-MS2 joins BS-1 through it. The leftmost network represents Cases 2 and 4, respectively:

· A Standalone network with an optional coordinator for local connectivity and

· A HR-MS role-changed to HR-BS.
We propose that the base station (BS-0) is responsible for forming the failover topology and configuration, based on neighbor lists and capabilities of its subordinate stations. BS-0 shall maintain the failover topology and configuration. It shall assign Failover Stations, and update them periodically with their respective list of subordinate stations in the failover topology. BS-0 shall update the Failover Stations (FSs) with configuration information that will facilitate fast network entry of its subordinate stations. BS-0 also informs and updates its subordinate stations of their respective FS. The failover topology shall be periodically updated.

3. Fast Network Entry

Failover configuration is pre-negotiated information between a SS and its alternative path which facilitates a fast network entry in the event of SPOF. It is updated periodically by the serving BS.

For fast network entry involving mode-changes of the FS, we propose that the BS to pre-negotiate information between the FS and its alternative path, and determine failover configuration between the FS and its subordinate SSs in the failover topology. This information shall be stored in the respective FS, SSs, and the access station on the alternative path of FS.
4. Summary

We propose to factor the possibility of multi-mode into alternative path establishment in event of a BS failure, in order to minimize disruption caused. Specifically, we proposed mechanisms to prepare and maintain a failover topology of alternate paths with role-changed stations, and support fast network recovery with failover configuration.

5. Text Proposal for IEEE 802.16n AWD
Note:

The text in BLACK color: the existing text in AWD

The text in RED color: the removal of existing AWD text

The text in BLUE color: the new text added to the Multi-Carrier DG Text
[-------------------------------------------------Start of Text Proposal---------------------------------------------------]

17.2.1.1 HR-MS Multi-mode capability registration
A HR-MS that is capable of role change to HR-RS and/or HR-BS shall register this capability to the serving HR-BS during network entry, together with the basic capability negotiation phase. HR-MS should indicate to the serving HR-BS if it is unavailable to perform a role-change.
17.2.7.x Alternative Path Establishment and Maintenance

17.2.7.x.1 Alternative Path Establishment with Multi-mode
The serving HR-BS shall determine alternative paths for every subordinate stations in the event of a SPOF. The stations along an alternative path shall include HR-MS or HR-BS that switches mode to relay or base-station modes if the alternative path is a better path than others. The station which switches mode is designated by the serving BS and is called a Failover Station (FS).
17.2.7.x.2 Alternative Path Maintenance at FS
The serving HR-BS shall maintain alternative paths of its subordinate stations through FSs. It shall periodically update FSs with a TBD message containing a list of SS it is responsible for network re-entry after SPOF, and configuration information to facilitate fast network re-entry. The serving HR-BS shall periodically update its SSs with a TBD message containing their respective FS and configuration information to facilitate fast network re-entry to that FS.
17.2.7.x.3 Facilitate Fast Network Entry at FS after SPOF
Upon detection of a failure at the serving BS, FSs shall switch mode and perform network entry using the most recent configuration information. It shall facilitate fast network re-entry for SSs obtained from the most recent configuration information.

 [-------------------------------------------------End of Text Proposal----------------------------------------------------]
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