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Path Discovery and Management 
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1. Introduction
The SRD in 802.16n requires that (1) HR-Network shall support neighbor and path discovery between HR-MSs as well as between HR-MS and HR-Network infrastructure stations. Path discovery can be accomplished with or without network support. (2) HR-Network shall support establishment and maintenance of alternative paths to support fast recovery in the event of disruption; for example, encountering intermediate HR-MS failure or movement. HR-Network shall provide the capability to choose the most reliable path. We propose an approach to manage the alternative path, where only HR-BS and HR-MS stores the path information that is transparent to intermediate stations along the alternative path. The reporting on failure detection by the stations along the path is useful to expedite the path recovery. 
An example of usage scenarios for alternative path can be shown as in Fig. 1, where in the left figure the HR-MS has only one path (solid line) from HR-BS to itself going through HR-RS1 for the case that there is no alternative path and has two paths (dash line for alternative path) from HR-BS to itself going through HR-RS1 and HR-RS2 for the case that there is an alternative path. When HR-RS1 becomes the single point of failure (SPOF), HR-RS2 will replace as the access station for HR-MS. Although HR-MS may be able to scan HR-RS2 as its access station after single point of failure (SPOF) of HR-RS1, the process that it switches the association with HR-RS1 to HR-RS2 is different from the handover process. In handover, HR-RS1 can help transfer the control to HR-RS2 for HR-MS. In contrast, HR-RS1 fails to help for the sake of SPOF, and in such a case with an alternative path, HR-MS has to trigger the scanning that could take a long time in some cases, before it can perform network reentry. 

[image: image1.emf]HR-RS1

HR-MS

HR-RS2

HR-BS

HR-RS2

HR-MS

HR-BS

HR-RS1

(a) (b)


Fig. 1 802.16n network topology without alternative path (a) and

with alternative path (b)
The target HR-BS/HR-RS/HR-MS is the HR-BS/HR-RS/HR-MS for the HR-MS after switching over to the alternative path. The serving HR-BS/HR-RS/HR-MS is the HR-BS/HR-RS/HR-MS currently serving the HR-MS.
2. Alternative path management
2.1. Alternative path discovery and selection
In 802.16n network, there are three types of links, i.e. relay link between HR-BS and HR-RS or HR-RS and its subordinate HR-RS, access link between access HR-RS and HR-MS as well as direct link between HR-MSs that are allowed to perform HR-MS forwarding. Path discovery could be done through the scanning during network entry and initialization. Furthermore a better path can be discovered with the help of the measurements and the relevant reports on the relay link, access link and direct link. All the reports are sent to the serving HR-BS. The scanning control messages can be based on those defined in 802.16m e.g. MOB_SCN-REQ/RSP/REP. Since HR-BS has the knowledge of the topology within its control, it can select the path centrally and update the path information to the intermediate HR-RS and/or HR-MS along the path to HR-MS. 
2.2. Storing the alternative path information 
After HR-BS determines the alternative path for HR-MS, it delivers this backup path information to the HR-MS via control messages such as DSA-REQ. HR-MS may monitor the link between itself and the accessing station for alternative path through DL signals, if it is allowed to do so, in the scanning mode. HR-BS/HR-RS system parameters and some necessary information of access station may be sent to HR-MS for fast recovery. 

We propose an approach to support alternative path management, where the HR-BS and HR-MS save the information of alternative path. The intermediate stations along the alternative path from HR-BS to HR-MS is transparent to the stored information, which means there is no update due to topology change of the intermediate stations other than the two stations.

2.3. Maintenance of the alternative path information 

Upon any change (e.g. topology change or link degradation) that affects the alternative path of the HR-MS, HR-BS will then determine the alternative path again. The change can be due to the measurement report on relay link, access link and direct link or backhaul failure. HR-BS will send out DSD-REQ to the HR-MS and the HR-MS, upon receiving the messages, removes the current alternative path. The update of the alternative path is sent to the HR-MS through current path from HR-BS, using DSA-REQ/RSP/ACK. 
2.4. SPOF detection and reporting

The super-ordinate station of single point of failure (SPOF) detects and reports to the controlling HR-BS through its upstream stations using the control messages (e.g. MOB_NBR-ADV). The sub-ordinate station of SPOF can also detect and report the update to the HR-MS through its downstream HR-RS if it can re-associate with the HR-network. Otherwise the report update is sent out only when the detecting station can do network reentry with an HR-BS/HR-RS. In normal case, HR-MS is able to detect it cannot connect to the network without receiving the signals such as downlink synchronization signals from either HR-BS/HR-RS or HR-MS (if MS forwarding is performed). The super-ordinate station of SPOF detects the failure through UL signals from its subordinate station. 

The report will be sent to controlling HR-BS of the alternative path. If the controlling HR-BS is same as the current serving HR-BS, the above can be ignored and then the path recovery may be requested by controlling HR-BS via control messages such as DSA-REQ along the path to the access station to establish the path for the HR-MS, by using the stored alternative path.
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Fig. 2 802.16n network topology with alternative path
As shown in Fig.2, HR-MS1 can perform network entry and initialization with HR-RS through either HR-MS2 or HR-MS3 forwarding. After HR-BS determines HR-MS2 as the access station of current path and HR-MS3 as the access station of the alternative path for HR-MS1, HR-BS sends the path information through control messages such as DSA-REQ to HR-MS1. It requires that HR-BS and HR-MS1 save the alternative path. 

If HR-MS2 fails suddenly, HR-RS should be able to detect, in this case, it will inform HR-BS and then HR-BS will send the update to HR-MS3, which is the access station of the backup path for HR-MS1. HR-MS3 once received this information, it can send out the signals to allow HR-MS1 to perform network re-entry (with minimal steps and lower latency e.g. using dedicated ranging code) to continue the communication. In this example, HR-MS1 is also able to detect the SPOF, it can search for the synchronization signals from HR-MS3 and its related access information (e.g. SFH or a modified version of SFH) according to the pre-arrangement for alternative path, for a faster recovery of path. 

2.6. Network Re-entry 

The normal procedure of network re-entry for HR-MS1 could be expedited. In the above example, the network re-entry of HR-MS1 is very simple, as it could skip a few steps, e.g. (a) scanning for DL channel; (b) obtaining DL/UL channel parameters and DL MAC synchronization may be expedited through optimizing path recovery steps; (c) Perform ranging and automatic adjustment if it is done it beforehand (e.g. when HR-MS1 operates in scanning mode of connected state, it can perform ranging and automatic adjustment with HR-MS3); (d) MS authorization and key exchange can be skipped; (f) Performing registration and default service flows can also be skipped or expedited.
This requires that both HR-MS1 and the access station of the alternative path (target HR-BS/HR-RS) to store pre-negotiated configuration information (PNC) at both stations. We propose that the minimum PNC at a target HR-BS/HR-RS shall include:

· List of subordinate stations (SS)

· Basic capabilities of the SS

· CIDs of every SS (including multicast groups)

· Default Service Flows

· Alternative set of security keys

We propose that the PNC at a SS shall include:

· Access station of the alternative path
· Basic capabilities supported by that access station

· DL/UL channel parameters

· Ranging code for contention-free ranging

· Alternative set of security keys
To accelerate the network re-entry, target access station may allocate the dedicated ranging code to the HR-MS with the specified STID to shorten the process of network reentry after SPOF. Alternatively, to achieve contention free ranging, however, an additional preparation step is required at the serving HR-BS/HR-RS for its subordinate stations. For every subordinate station, the serving HR-BS/HR-RS pre-allocates it with a unique ranging code of the target HR-BS/HR-RS of the alternative path. Note that the ranging codes are not reserved at the alternative path. But it is still guaranteed that there will be no contention among the subordinate stations during network re-entry after SPOF since the ranging codes are unique. This will speed up network re-entry.

2.7. Path Recovery 

Either (1) after network re-entry using stored information, the HR-MS lost connection with current serving HR-BS/HR-RS will initiate the path recovery by using the alternative path information; or (2) if HR-BS initiates the path recovery for the HR-MS lost connection with current serving HR-BS/HR-RS, the target HR-BS will establish the path for the HR-MS and the intermediate stations engaging in path establishment will use the delivered path information sent by serving HR-BS or controlling HR-BS. Both HR-BS and HR-MS may concurrently initiate the process the path recovery. 
The path information may be specified by the ordered primary management CID list of the stations on the path that shall be traversed by the service flow, which may consider the forwarding HR-MS as one hop, in addition to some other information to facilitate the path recovery and/or optimized path recovery.

3. Text Proposal for IEEE 802.16n AWD
[-------------------------------------------------Start of Text Proposal---------------------------------------------------]

[Insert the following text into Section 17.3.7 Path Discovery and Management of the 802.16n Document (C802.16n-10/0049)]
17.2.7.x.1 Alternative Path Establishment
The alternative path shall be determined by the serving HR-BS. The decision shall be based on the measurement report on the links among the stations.
17.2.7.x.2 Alternative Path Maintenance
HR-BS and HR-MS shall store the information of alternative path as the backup in the event of failure of intermediate station. The information of alternative path is TBD.
The HR-MS and the access station of the alternative path shall store pre-negotiated information for fast network re-entry after SPOF.

17.2.7.x.3 Failure Detection
The failure detection can be performed by the stations around the point of failure and the reports from the stations around the point of failure may be used for HR-BS’s decision to establish the path using alternative path information. The detection procedure and reporting messages is TBD. 

17.2.7.x.4 Fast network re-entry after SPOF
Optimized network re-entry shall be used for accelerating path recovery. Pre-allocated ranging codes shall be used to achieve contention-free ranging at network re-entry. The details are TBD.
The path recovery could be either initiated by the serving HR-BS or the HR-MS lost of the connection with HR-network. When the HR-BS initiate the path recovery, it sends out the control messages to establish the path for the HR-MS lost of the connection with HR-network, and the access station along the alternative path prepares for the network re-entry for this HR-MS. 
 [-------------------------------------------------End of Text Proposal----------------------------------------------------]
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