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Forwarding Between Infrastructure Stations
Anseok Lee, Eunkyung Kim, Sungcheol Chang, Sungkyung Kim, Won-Ik Kim, Miyoung Yun, 
Hyun Lee, Kwangjae Lim, Dongseung Kwon
ETRI
1. Introductions
This contribution provides AWD text proposals of Forwarding Between Infrastructure Stations. The IEEE 802.16n System Requirement Document (SRD) [1] requires Recovery from SPOF (Single Point Of Failure) and also mandates Path Management for alternative path maintenance to support fast recovery from SPOF. This contribution proposes the approach of Forwarding Between Infrastructure Stations for backbone connection recovery for robustness against to SPOF. 
2. Scenarios
A disrupted network configuration includes a HR-BS has lost the connection to the backbone network (Degraded HR-BS). In HR-Network, the Degraded HR-BS may operate as a relay station to communicate with another Infrastructure Stations if it has direct relay link to another Infrastructure Station . Fig. 1 and Fig. 2 respectively show the degraded network configuration and the recovery from backbone loss of Degraded HR-BS by operating as a relay station.
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Fig. 1 An example of degraded network configuration
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Fig. 2 An example of recovery from degraded configuration
However, when the Degraded HR-BS does not have a direct link to any of adjacent HR-BSs, Degraded HR-BS fail to recover connection to core network and also fail to support its subordinate stations. To provide higher reliability in HR-Network, Degraded HR-RS shall discover adjacent HR-BSs (but does not have direct link to) through subordinate HR-MSs and make connections (Forwarding connection) to forward data to and receive data from an adjacent HR-BS (Target HR-BS) through a HR-MS (Designated HR-MS). 
The functionality of forwarding between Infrastructure stations using a sub-ordinate station, especially for a HR-BS which has lost the wired connection to core network, is the Forwarding Between Infrastructure Station (FBIS) in HR-Network. Fig. 3 shows that backbone connection recovery using Forwarding Between Infrastructure Stations through the Designated HR-MS.
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Fig. 3 An example of Forwarding Between Infrastructure Stations 
3. Forwarding Between Infrastructure Stations
3.1 Discovery of Target HR-BS

Degraded HR-BS shall request the measurement of neighboring HR-BSs to its sub-ordinate HR-MSs which have Forwarding Between Infrastructure Stations capability. The measurement requests may be delivered via unsolicited SCN-RSP messages from HR-BS. 

HR-MSs which have received SCN-RSP message shall perform the channel measurement of neighboring HR-BS and report the result via SCN-REP message. 
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Fig. 4 An example of the discovery of adjacent HR-BSs of Degraded HR-BS
Degraded HR-BS shall select one or more Designated HR-MSs and corresponding Target HR-BSs for data forwarding based on the measurement results from sub-ordinate HR-MSs.
3.2 HO for Alternative Connection
The Degraded HR-BS shall initiate a HO procedure by transmitting HO-CMD message to Designated HR-MS to establish an alternative connection to a Target HR-BS.
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Fig. 5 An example of HO for Alternative Connection of Designated HR-MS
Upon receives HO-CMD message from Degraded HR-BS, Designated HR-MS shall perform the HO procedure to establish alternative connection to Target HR-BS. In the HO procedure, Target HR-BS cannot communicate with the Degraded HR-BS because of the backbone connection lost and no recovery relay link of Degraded HR-BS.

After completion of network reentry to Target HR-BS, Designated HR-MS shall maintain the context of Degraded HR-BS as a secondary connection and Degrade HR-BS shall also maintain the context of Designated HR-MS for data forwarding to Target HR-BS.
3.3 Switched access of Designated HR-MS between two HR-BSs
Designated HR-MS shall communicate with two super-ordinate HR-BSs (Degraded HR-BS and Target HR-BS) after completion of reentry to Target HR-BS to forward data from each HR-BS to another HR-BS. Designated HR-MS shall communicate with an active HR-BS for a period (Forwarding Access Period) and switch the active super-ordinate station to another HR-BS.
At the start of Forwarding Access Period, Designated HR-MS shall transmit the Access Request via Switched Access Control signaling header on the allocated UL resource to an the active super-ordinate station. The Access Request shall contain the requested access time and BW request if Designated HR-MS has uplink data to transmit.
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Fig. 6 An example of switched access between two HR-BSs

Designated HR-MS shall change active HR-BS to another HR-BS when the Forwarding Access Time is expired. To adjust (expand or shrink) remaining Forward Access Period before expiration of Forwarding Access Time, Designated HR-MS shall send the Access Request to active super-ordinate HR-BS again to adjust the remaining Forward Access Time.
3.4 Forwarding connection establishment
After completion of HO for alternative connection of a Designated HR-MS, Degraded HR-BS shall initiate establishment of Forwarding connections (for outgoing and incoming traffic) through the Designated HR-MS. A Forwarding connection through a Designated HR-MS shall support uplink or downlink connections of all or a portion of sub-ordinate stations of Degraded HR-BS.

The establishment of Forwarding connections which initiated by Degrade HR-BS shall be done by DSA procedures with Designated HR-MS. After completion of DSA procedures initiated by Degraded HR-BS, Designated HR-MS shall initiate the DSA procedures with Target HR-BS. For incoming traffic, the Packet Classification Rule parameters of Degraded HR-BS shall be delivered to Target HR-BS in consecutive DSA procedures.
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Fig. 7 Forwarding connection establishment
3.5 Backbone recovery using Forwarding connections
Once the Forwarding connections are established, the Degraded HR-BS shall replace the backbone connection by established Forwarding connections to serve its sub-ordinate stations. The upper layer of Degraded HR-BS shall forward received SDUs from its sub-ordinate stations (outgoing traffic) to the HR-Network instead of wired backbone connection and CS shall map received SDUs onto the (outgoing) Forwarding connection to Designated HR-MS. The incoming traffic for Degraded HR-BS shall be delivered to Target HR-BS and Target HR-BS shall send the SDUs to HR-Network and CS shall map the SDUs onto the (incoming) Forwarding connection to Designated HR-MS. Designated HR-MS shall forward received SDUs on the Forwarding connections to alternative HR-BS.
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Fig. 8 An example of data forwarding using Forwarding connections
4. Proposed Text for the 802.16n Amendment Working Document (AWD)
Note:

The text in BLACK color: the existing text in the 802.16n Amendment Draft Standard

The text in RED color: the removal of existing 802.16n Amendment Draft Standard Text

The text in BLUE color: the new text added to the 802.16n Amendment Draft Standard Text
[-------------------------------------------------Start of Text Proposal---------------------------------------------------]

[Remedy: Accept the following modification to Section 3.]

Insert the following definitions (renumbering may be required)
3.163 Forwarding Between Infrastructure Stations: The function of forwarding data between Infrastructure stations through a sub-ordinate station in HR-Network.
3.164 Designated HR-MS: A HR-MS which is designated to forward data between Infrastructure stations in HR-Network.
3.165 Forwarding connection: A unidirectional mapping between two Infrastructure stations using Forwarding Between Infrastructure Stations in HR-Network. Forwarding connections are divided into outgoing Forwarding connection and incoming Forwarding connection in the initiating Infrastructure Station point-of-view. A Forwarding connection consists of two connections (connections between a sub-ordinate station and each Infrastructure station) and two connections are coupled each other at the sub-ordinate station.
[Remedy: Accept the following modification to Section 17.3.7.2.]

Modify section 17.3.7.2 as indicated
17.3.7.2 Robustness against SPOF
The HR-MS may transmit/receive data to/from any one infrastructure station at any given time. 

The HR-MS may forward previously received data to other infrastructure stations at other times.
17.3.7.2.4 Forwarding Between Infrastructure Stations
In HR-Networks, the HR-MS may transmit/receive data to/from any one infrastructure station at any given time. And the HR-MS may forward previously received data to other infrastructure stations at other times. To provide higher reliability and have robustness against SPOF, HR-Network shall support Forwarding Between Infrastructure Stations.

17.3.7.2.4.1 Discovery of Designated HR-MS
The Degraded HR-BS which lost the wired backbone connection to the core network and does not have direct relay link to any of adjacent HR-BSs shall discover one or more HR-MSs which are able to establish Forwarding connections to an adjacent HR-BS. To initiate the scanning procedure, Degraded HR-BS shall transmit the unsolicited SCN-RSP message to sub-ordinate HR-MSs which have Forwarding Between Infrastructure Stations capability. The SCN-RSP message may contain ABS ID of recommending HR-BSs if Degraded HR-BS has information of neighboring HR-BSs.
The HR-MSs which have received the SCN-RSP message shall perform measurement of the neighboring HR-BSs for Designated HR-MS decision of the Degraded HR-BS. After completion of HR-MS scanning, HR-MSs shall report the results to Degraded HR-BS by using SCN-REP message. 
17.3.7.2.4.2 HO for Alternative Connection

By using the received measurement results from sub-ordinate HR-MSs, Degraded HR-BS shall select a Designated HR-MS and a Target HR-BS which is the Designated HR-MS having connectivity to. Degraded HR-BS shall command HO for Alternative Connection by AAI-HO-CMD message to Designated HR-MS. The AAI-HO-CMD message may contain ABS ID of the Target HR-BS. Upon the reception of AAI-HO-CMD message, Designated HR-MS shall perform the reentry procedure with the Target HR-BS. The reentry procedure to Target HR-BS follows the procedure in HO for Alternative Connection. The optimized HO is may not be applied due to the failure of backbone connectivity at the Degraded HR-BS. 
After completion of HO for Alternative Connection, Designated HR-MS shall maintain the context of Degraded HR-BS and Degraded HR-BS shall also maintain the context of Designated HR-MS for data forwarding. 

17.3.7.2.4.3 Switched access between two HR-BSs
The Designated HR-MS shall start switched access between two HR-BSs after completion of reentry to Target HR-BS. The Designated HR-MS shall communicate with each active HR-BS in Forwarding Access Period. To start Forwarding Access Period, Designated HR-MS shall send the Access Request to an active HR-BS via Switched Access Control signaling header. The Access Request may contain required Forwarding Access Time to access and bandwidth request indication. Upon reception of the Access Request, an active HR-BS shall respond by the Access Response via Switched Access Control signaling header. The Access Response shall contain granted Forwarding Access Time. An active HR-BS may also allocate for UL resources to Designated HR-MS if the bandwidth request is indicated in the Access Request. 
Designated HR-MS shall switch to another HR-BS when the Forwarding Access Time is expired. When the Designated HR-MS or the active HR-BS attempts to change remaining Forwarding Access Time (e.g. to extend or to shrink), it shall send the Access Request to active HR-BS or Designated HR-MS to reassign Forwarding Access Time.
17.3.7.2.4.4 Forwarding connection establishment
Degrade HR-BS shall initiate establishment of Forwarding connections (incoming and outgoing traffic) to Target HR-BS. The establishment of Forwarding connections shall be done by the DSA procedures. Degraded HR-BS shall initiate the DSA procedure with Designated HR-MS. After completion of DSA procedure which initiated by Degraded HR-BS, Designated HR-MS shall initiate the DSA procedure with Target HR-BS. The Service Classification Rules of Degraded HR-BS for incoming traffic shall be delivered to Target HR-BS in consecutive DSA procedures.
In Designated HR-MS, connections with two HR-BSs are locally coupled, i.e. a DL connection with Degraded HR-BS is coupled to a UL connection with Target HR-BS for outgoing traffic and a DL connection with Target HR-BS is coupled to a UL connection with Degraded HR-BS for incoming traffic. Designated HR-MS shall forward traffic on a DL connection of a HR-BS to another HR-BS without interaction to the higher-layer of Designated HR-MS.
 [-------------------------------------------------End of Text Proposal----------------------------------------------------]
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