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1. Introduction
Scenarios may arise where the data packet of a HR-MS needs to be multicast to a group of HR-MS under the control of the same HR-RS. In this proposal, we refer to the source HR-MS as HR-MS1 and the destination HR-MS as HR-MS2. One possible application is as shown in Fig. 1. The data flow for the normal operation of the Multicast service is inefficient because of repeated data retransmissions from the controlling HR-RS to the Multicast server and back again to the HR-RS. The matter is made worst if the Multicast server sits in the backbone. Based on the SRD requirement [1] for multicasting, we propose an enhancement to the local forwarding method in IEEE C80216gman-11/0024 for the Multicast service by providing local forwarding of multicast packets.

2. Local Forwarding Support for Multicast Service for the IEEE 802.16n Network
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Fig. 1: Original 2-way Multicast service data flow and the new Multicast service data flow with local data forwarding 
Local forwarding of multicast packets 
In Fig. 1, we can identify two components:

1. One source MS labeled as HR-MS1. The data uplink (UL) unicast connection provided by the HR-BS is labeled as 1.
2. A multicast group of k destination HR-MSs labeled as {HR-MS2}. The data downlink (DL) multicast connection provided by the HR-BS is labeled as 2.

2.1. Assumptions used in the procedure for the local forwarding of multicast packets:

The following are the assumptions used for the procedure: 
1. HR-MS1 sends a packet with the destination multicast IP address to the multicast server for forwarding the multicast group {HR-MS2}. 

2. The upper layer signaling for multicast establishment is beyond the scope.

3. Assumptions used in the local forwarding procedure [3].

2.2 The procedure for the local forwarding of multicast packets:
1. After receiving the IP data packet, the multicast server forwards the IP data packet to the multicast group via the HR-BS. 

2. After the IP addresses classification in the convergence sub-layer in the HR-BS, the HR-BS discovers that local forwarding opportunity exists within its network of control.  
3. HR-BS sets up the DL multicast downlink connection using the DSA messaging sequence as define in the standard.
4. HR-BS saves the source-destination association information of the 2-way multicast packet into a table. (TBD)

5. If local forwarding is possible, the rest of the steps are identical to local forwarding procedure for the unicast case in [3], namely the procedure to bind local forwarding and the search for upstream controlling RS in multi-hop RS scenario. The main differences between the local forwardings for the unicast and multicast cases are as follows:

a. In the setup of the DL connection, the DSA-REQ for the multicast connection is used. The DSA-REQ for the multicast transmission must include: the Multicast Group ID and the FID which are together used to identify the connection. Instead of one packet of DSA-REQ, multiple packets of DSA-REQ have to be sent to each downlink multicast member. Note that the procedure for Enhanced Multicast Broadcasting Service (EMBS) is identical. 
b. Multiple local forwarding bindings may occur. This is because the multicast members may form subgroups that are dispersed over a few controlling RSs as shown in Fig. 2
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Fig. 2: A handover case where a multicast member HR-MS2 moves from one multicast subgroup to another subgroup.
2.3. The handover of HR-MS when it moves from one HR-BS to another or one HR-RS to another

Generally, the handover (HO) of HR-MS follows the general procedures for the HR-BS and HR-RS HO with additional steps. The additional steps are: the removal of the existing binding for local forwarding with the previous HR-RS and the construction of new binding for local forwarding in the new HR-RS. The difference between the handover of the source HR-MS1 and the destination HR-MS2 is discussed in the sub-sections below.
2.3.1 Source HR-MS1 to another Target Relay Station (TRS) or Target Base Station (TBS)

The source HR-MS1 HO procedure is identical to the unicast local forwarding cases as described in [3] as mainly the UL unicast component is affected. 

2.3.2 Handover of a multicast member HR-MS2 to another Target Relay Station (TRS) or Target Base Station (TBS)

The HO of multicast member HR-MS2 to another TRS or TBS is more complicated and there are four cases. We assume that there are three multicast sub-groups with: 1st subgroup with k1 members, 2nd subgroup with k2 members and 3rd subgroup with k3 members without loss of generality. Note that k1 + k2 + k3 = k. A HR-MS2 is assumed to originally belong to k1 sub-group and handover to k2 sub-group. The general case is shown in Fig. 3.

· Case 1:  k1 > 2, k2 > 1 and k3 = k ( (k1 + k2)

In this case, the multicast member HR-MS2 is HO to a TRS that is also controlling a subgroup of multicast HR-MS2 as shown in Fig. 2. For such a case, after the completion of handover, either HR-MS2 or the HR-BS can initiate the DSA messaging to connect to the DL multicast service. In the case that the sub-groups belong to two different HR-BS, the DL service will be the Enhanced Multicast Broadcasting Services (E-MBS). The DSA messaging for E-MBS is used instead. Note that in this case, the existing local forwarding binding is not affected. 

· Case 2: k1 = 1, k2 > 1 and k3 = k ( (1 + k2)

In this case, after the HO of the multicast member HR-MS2, the first sub-group disappeared. If local forwarding exists between the first sub-group and HR-MS1, then the procedure of unbinding follows that as described in [3]. After the HR-MS2 is HO to TRS, the DSA procedure follows case 1. 

· Case 3: k1 > 1, k2 = 0 and k3 = k ( k1
In this case, the multicast member HR-MS2 is HO to a TRS with no existing sub-group. As in case 1, the existing local forwarding binding between the first sub-group and HR-MS1 is unaffected, if any. Once the handover to TRS is done, the same DSA messaging procedure is performed. However for this case, the HR-BS needs to discover whether a local forwarding opportunity exists by searching for the common upstream HR-RS that connects between HR-MS1 and the handover HR-MS2. The procedure of binding is then completed as described in [3].

· Case 4: k1 = 1, k2 = 0 and k3 = k ( 1

In this case, the multicast member HR-MS2 is handover to a TRS with no existing sub-group. Originally, it is in 1st subgroup where it is the only member. As in case 2, unbinding procedure has to be performed if local forwarding exists in the original 1st sub-group. Once the handover to TRS is done, the same DSA messaging procedure is performed. However for this case as in case 3, the BS needs to discover whether a local forwarding opportunity exists by searching for the common upstream RS that connects between HR-MS1 and the handover of HR-MS2.

3. Summary

We propose further enhancements to the local forwarding mechanism in [3] so as to support multicast service. This is based on the SRD [1] requirement for enhanced MAC support for 2-way multicast service such as Push-To-Talk (PTT). In our proposal, we provide the procedures for setting up the local forwarding of multicast packets and the handover situations. We propose that:

1. HR-BS has a table that stores the source-destination association addresses of the active 2-way multicast services 

In our proposal, the followings remain the same and are unaffected:

1. The upper layer control signaling used in the 2-way multicast service.
2. The binding and unbinding procedures for local forwarding proposed for the unicast case [3].
3. The DSx procedures to set up the unicast and multicast services.
4. The handover procedures for HS-MS.
4. 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
The following text is to be inserted into 17.3.9 Multicast support
[-------------------------------------------------Start of Text Proposal---------------------------------------------------]

[Adopt the following text in the 802.16m MC-DG Document (C802.16m-D11)]
17.3.9.4  Local Forwarding of Multicast Packets

17.3.9.4.1  Support for setting up the Local Forwarding of Multicast Packets

Multiple local forwarding opportunities may arise when a source HR-MS and the destination multicast sub-groups share common HR-RSs (or common upstream HR-RSs in the multi-hop scenario).  In such a scenario, HR-BS can coordinate and establish multiple local forwardings among the source HR-MS and various multicast sub-groups under its control. The upper layer signaling between the multicast server and its clients are beyond the scope of the standard. The following support shall be provided. After performing the CS-layer classification, the HR-BS discovers that the multicast packet can be local forwarded. HR-BS proceeds to create the multicast downlink using the BS-initiated DSA messagings. HR-BS then saves the source-destination association in a table (TBD). If local fowarding is possible, HR-BS shall perform the binding procedure in section 17.2.6 on local forwarding. Note that the local forwarding binding is done separately for different multicast sub-groups. Also, the creation of the multicast downlink shall follow the general procedure outlined in this section.
17.3.9.4.1  Handover procedure for source HR-MS when it moves

The unbinding and binding procedures in the handover are the same as the unicast case for local forwarding in section 17.2.6

17.3.9.4.2  Handover procedure when one of the multicast member moves

The unbinding and binding procedures in the handover will depend on whether it affects the existing local forwarding bindings. There are four cases.

17.3.9.4.2.1  When a multicast member moves from an existing sub-group where there is more than one member to another sub-group.
In this case, the existing local forwarding bindings are not affected. Therefore, no unbinding and binding procedures are performed.
17.3.9.4.2.2  When a multicast member moves from an existing sub-group where there is only one member to another sub-group.

In this case, the unbinding procedure must be performed in the original sub-group as explained in section 17.2.6. No new binding procedure is required.

17.3.9.4.2.3  When a multicast member moves from an existing sub-group where there is more than one member to another HR-RS with no existing sub-group.

In this case, no unbinding procedure is performed. However, a new forwarding opportunity may arise. Therefore, a new binding procedure is required as explained in section 17.2.6.
17.3.9.4.2.4  When a multicast member moves from an existing sub-group where there is only one member to another HR-RS with no existing sub-group.

In this case, both unbinding and binding procedures must be performed as explained in section 17.2.6.
 [-------------------------------------------------End of Text Proposal----------------------------------------------------]
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