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1. Introduction
 This contribution proposes the bi-directional connection management method by pairing DL and UL connections. Most of Internet services require bi-directional data delivery capability over the network. For example, VoIP consumes same bandwidth on downlink and uplink direction. HTTP or FTP that uses TCP as a transport layer protocol also requires bi-directional connection one way for the user/application data and the other direction for the acknowledgements, although the required bandwidth is usually heavily asymmetric on downlink and uplink direction. Therefore, it is more natural to perform bi-directional service flow or the pair of connections management on both directions.  However, service flows or connections are independently established and managed in 802.16e. So, we propose the DL/UL connection paring method for the bi-directional service flow management.
2. Bi-directional SF management
   2.1 DL/UL connection pairing
 Bi-directional service flow can be established by a pair of two uni-directional connections (downlink and uplink). A counterpart connection is assigned at the creation time of the initial connection, if the connection belongs to a bi-directional service flow, and each of the uni-directional connection should have information about the counterpart connection to be pared with.
Different QoS parameters may be assigned to each connection of the bi-directional service flow. 
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Figure 1 DL/UL pairing
   2.2 Bi-directional service flow setup
A bi-directional service flow management may reduce the connection establishment time. If connections are established separately on downlink and uplink, DSA message exchange procedure should be performed independently for each of the connections. The bi-directional service flow establishment, however, requires only one DSA message exchange procedure for the paired DL/UL connections. It will reduce the overall service flow establishment time, and decrease the amount of the management traffic over the air.
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Figure 2 Bi-directional service flow setup with DL/UL pairing
Another benefit of the bi-directional service flow establishment is to eliminate the unnecessary service flow creation and deletion caused by the unavailability of the resource for the counterpart service flow which is required for a service. If the counterpart service flow cannot be established, then the initial service flow creation request may be rejected at the early stage.

  2.3 Resource management using paired connections
The paired DL/UL connections may be used for an efficient bandwidth allocation. In many cases, traffic on one direction is associated with the other direction. In case of a TCP connection, TCP acknowledgement messages are generated on the opposite direction after the burst of TCP traffic. So it is predictable that the generation of UL traffic before receiving a BWR message by observing DL traffic pattern if the major traffic is on DL direction. It may be used to allocate UL bandwidth preemptively to reduce the uplink delay or BWR collision.
Figure 3 shows an example of the preemptive bandwidth grant on paired UL connection for TCP acknowledgement. User data are delivered over TCP on downlink direction. The BS may be able to predict the acknowledgement messages for the TCP segments will be generated after the some processing time. Although BW request from MS is not received yet, BS may send a bandwidth grant for the expected TCP acknowledgement. In this way, TCP acknowledgment can be delivered without delay or collision on UL direction.
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Figure 3 BW allocation on paired connection for TCP Ack
3. Proposed Text for Connection Management
----------------------------------------  Start of the proposed text  ------------------------------------------
15.2.x Connection Management

15.2.x.x Transport connections

Transport connection is uni-directional and established with unique FID assigned during service flow establishment procedure. Each admitted/active service flow is uniquely mapped to a transport connection. Transport connection is released when the associated service flow is removed. To reduce bandwidth usage, the ABS and AMS may establish/change/release multiple connections using a single message transaction on a management connection. 
In this case, QoS parameter sets of the management message establishing the transport connection may include the associated FID for indicating the connection is associated with another transport connection in the other direction. Figure x describes the procedure of establishing transport connections with pairing downlink and uplink connections.
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           Figure x Service flow establishment with and without pairing DL and UL connections.
 Transport connections can be pre-provisioned or dynamically created. Pre-provisioned connections are those

established by system for an AMS during the AMS network entry. On the other hand, ABS or AMS can create

new connections dynamically if required. A connection can be created, changed, or torn down on demand.

-------------------------------------------  End of the proposed text   -------------------------------------------
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