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1. Introduction
This contribution proposes text for the SDD to include signaling in the amendment enabling Cooperative Transmission among AMSs on the uplink using Multi-user MIMO. Cooperative Transmission is a technique where AMSs cooperate to forward bursts between another AMS and the ABS (i.e. for upstream traffic) in order to boost capacity and reliability on the system.   

Enabling this technology shall not require any peer-to-peer protocols. Instead, it shall use the existing 802.16 PMP (i.e. ABS-AMS) communication protocol and take advantage of opportunities when AMSs can eavesdrop on transmissions from a given AMS to help forward bursts to the ABS during retransmission opportunities.  
2. Cooperative Transmission
2.1 Performance Gains
Cooperative Transmission has been shown to yield excellent user throughput gains (see Fig. 1), particularly for users in shadowed areas or near the cell edge. Given these gains and the simplicity of the protocol, it is an important differentiator for WiMax compared to competing technologies.  
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Fig 1- Average spectral efficiency performance of Cooperative Transmission as a function of cluster size.
In Fig. 1, we plot the average spectral efficiency (in bits/second/Hertz (bps/Hz)) as a function of the cluster size (i.e., number of AMSs in the neighborhood) for two distinct scenarios: (i) uncorrelated shadowing over links between the ABS and each AMS, and (ii) fully correlated shadowing over links between the ABS and each AMS. In both cases, we observe that cooperation leads to significant spectral efficiency improvement with increasing cluster size and yields performance gains on the order of 25% (correlated case) to 100% (uncorrelated case). Note that cluster size 1 is the “no cooperation” case.  The spectral efficiency improvement is a result of multi-user diversity gains [2].

The framework we consider assumes that cooperation exists for upstream traffic only and that the AMS in the cluster with the best channel to the ABS is chosen as the cooperator. The protocol is identical to that in Fig. 2 of [1], where the cooperator overhears the transmitting AMS’s initial UL transmission, and in case of a reception failure at the ABS, retransmits the same packet to the ABS in subsequent frames until successful reception.

In these system-level simulations, we consider a cluster of AMSs near the cell edge in a multi-cellular WiMAX network with 7 cells under frequency reuse 1, ABS antenna height 25 m, and AMS antenna height 2 m. A broadband frequency-selective channel model is considered with Erceg-Greenstein path loss model, lognormal shadowing of standard deviation 8, 4-tap Ricean fading with K-Factor =1 and an exponential power-delay profile. 

[1] O. Oyman et. al., “Cooperative HARQ for IEEE 802.16m: DL Mode”, IEEE C802.16m-08/1278 

[2] O. Oyman, ``Opportunism in multiuser relay channels: scheduling, routing and spectrum reuse,'' in Proc. IEEE ISIT, Nice, France, pp. 286-290, June 2007.
2.2 Summary of Signaling Requirements
The following is a summary of the signaling required to implement Cooperative Transmission in 16m. This signaling is described in greater detail in section 2.3.

· ND_IE 

· ND header

· ND report message
· CC-REQ message

· CC-REP message

2.3 Signaling Requirements
Cooperative Transmission is composed of Neighbor Discovery, Cooperator Selection, and Cooperative Scheduling. Neighbor Discovery is the process by which AMSs discover and filter basic information about AMSs in their neighborhood and report it to the ABS. Cooperator Selection is the process by which the ABS determines which AMS(s) shall cooperate to forward traffic for a given AMS and informs them of this decision. Cooperative Scheduling is the process by which the ABS determines and informs AMSs of when and where cooperators shall forward bursts for a given AMS.
2.3.1 Signaling for Neighbor Discovery
To implement Neighbor Discovery, the ABS inserts an ND_IE in the UL-MAP specifying the number [n] of consecutive IEs that are intended for ND header transmissions. The following n IEs are standard uplink IEs that allocate resources for AMSs to transmit an ND header containing the AMS’s access link quality to the ABS and optionally its STID. 

The CRC of the ND_IE is scrambled with a generic ND STID, which the AMSs are given upon network entry. The CRCs of the n following IEs are either scrambled with the STID of the AMS that is scheduled to transmit an ND header in each allocation or with the ND STID indicating that it is a random-access allocation (i.e. any AMS requesting Cooperative Transmission support uses a random access protocol to determine whether or not to transmit an ND header in that allocation).

In Neighbor Discovery allocations that are assigned to a specific AMS, the AMS need not include its STID in the ND header. However, in random-access allocations, the AMS must include its STID for identification purposes.

The presence of an ND_IE in the UL-MAP signals to AMSs participating in Cooperative Transmission that they need to be awake during this period in order to listen for headers from neighboring AMSs. When/if neighboring AMSs receive an ND header successfully, they evaluate the information in the header to determine if they are Cooperative Transmission candidates for the transmitting AMS. If an AMS determines it is a candidate for one or more AMSs in its neighborhood, it will transmit an ND report to the ABS containing the channel quality to that AMS, the allocation number (i.e. of the n allocations, which one is being referenced), and potentially the STID if it was included in the header.

Thus enabling Neighbor Discovery requires the following signaling:

· ND_IE 

· ND header

· ND report message
2.3.2 Signaling for Cooperator Selection

After Neighbor Discovery, the ABS will have cooperator candidates for various AMSs in the cell.  The ABS will choose one or more as cooperators for a given AMS and inform them of the decision via a CC-REQ message. This message contains the STID/FID(s) of the AMS they shall cooperate with as well as those FIDs’ power class service information. The AMS(s) will accept or reject the assignment via a CC-REP message.

Thus enabling Cooperator Selection requires the following signaling:

· CC-REQ message

· CC-REP message

2.3.3 Signaling for Cooperative Scheduling

Once an AMS is assigned as a cooperator for a given AMS STID/FID, it shall evaluate UL-MAPs for IEs specifying that STID and listen for those transmissions. Since cooperators need to listen to this initial transmission, they can only help forward bursts to the ABS during retransmission opportunities. If they do not successfully receive the initial transmission, they shall listen to retransmission attempts as well. 

When cooperators successfully hear a transmission for an STID/FID they are cooperating with, they shall look for an ACK/NACK in the originating AMS’s HARQ channel to determine whether that burst was received successfully. If the burst is NACked, they shall look for the retransmission opportunity in a subsequent UL-MAP and transmit the burst simultaneously with the originating AMS.
Thus enabling Cooperative Scheduling does not require any new signaling.
2.3.4 Sleep/Idle Mode

Since Cooperative Transmission requires that AMSs remain neighbors, we assume that AMSs participating in Cooperative Transmission (whether giving or receiving support) are semi-stationary. Thus, if an AMS enters idle mode, it shall not be allowed to participate in Cooperative Transmission during that time. However, sleep mode shall still be allowed and will therefore be affected by the Cooperative Transmission protocol.
When an AMS has been chosen as a cooperator for another AMS STID/FID, it shall be given the power class service information for that STID/FID so that it can evaluate its sleep/awake intervals in much the same way it does currently based on the mix of its own FIDs’ power class profiles. The power class service information for the other AMS STID/FID shall be included in the CC-REQ message.  

Thus enabling Cooperative Transmission does not require any additional signaling beyond what is described above for sleep/idle mode to function properly.

3. Text Proposal for SDD

============================= Start of Proposed Text ==================================

11.12.2.2 Multi-user MIMO 

[Add the following text to the end of subclause 11.12.2.2]
Cooperative Transmission among AMSs on the uplink is supported.

[Add the following subclause:]
11.12.2.2.5 Cooperative Transmission 

Cooperative Transmission is a technique where AMSs cooperate to forward bursts between another AMS and the ABS in order to boost capacity and reliability on the system. 802.16m shall enable this technology without the use of peer-to-peer protocols. It shall use the 802.16m PMP (i.e. ABS-AMS) communication protocol and take advantage of opportunities when AMSs can eavesdrop on transmissions from a given AMS to help forward its bursts to the ABS during retransmission opportunities.
Cooperative Transmission uses a special IE in the UL-MAP to provide opportunities for AMSs to broadcast their need for cooperators. Cooperators that hear such a broadcast successfully and determine that they can benefit the AMS send a report to the ABS. Based on these reports the ABS chooses one or more cooperators for a given AMS and informs the cooperators of the AMS’ STID/FID(s). When the AMS is scheduled to transmit a packet for the first time, the cooperators eavesdrop on the transmission. If a retransmission is necessary, the cooperators that overheard the burst successfully transmit the burst simultaneously with the AMS in subsequent retransmission opportunities.
================================ End of Proposed Text ===============================

  


