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Comment to IEEE 802.16m AWD 
Kerstin Johnsson and Ozgur Oyman
Intel
1. Introduction
This contribution proposes text for the AWD to include signaling in the amendment enabling Cooperative HARQ among AMSs on the uplink. Cooperative HARQ is a technique where an AMS cooperates with another AMS to transmit bursts to the ABS in order to boost reliability and throughput on the system.   

Enabling this technology shall not require peer-to-peer protocols. Instead, it takes advantage of an AMS’s ability to eavesdrop on another AMS’s initial burst transmissions to the ABS for the purpose of transmitting those bursts together with the source AMS in the event of retransmissions in order to boost signal power.
2. Overview of Cooperative HARQ 
2.1 Performance Gains
Cooperative HARQ 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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Figure 1 Average spectral efficiency performance of Cooperative HARQ as a function of cluster size.
In Fig. 1, we plot the average spectral efficiency (in bits/second/Hertz) 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 together with the source AMS 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 Power 

The operator manages C-HARQ power consumption.  At minimum, during network entry AMSs shall be informed of the minimum power level required to offer C-HARQ support.  If/when an AMS falls below this level, it can receive C-HARQ support but must forego cooperator activities (i.e. listening for ND headers, sending ND reports, cooperating to forward bursts).  In the most conservative case, the operator may set the power threshold to “full”, i.e. only AMSs with an active power source (e.g. laptops plugged into an outlet) may participate in cooperator activities.
There are two phases to the C-HARQ protocol:  setup and cooperation.  The cooperation phase represents an exchange of power between the cooperator and the originating AMS.  The cooperator gives up power to help the originating AMS retransmit bursts to the ABS.  The originating AMS saves power as a result of fewer retransmissions.  The result is a net total power savings across the two AMSs.  Expanding this concept to the wider WiMax deployment, analysis shows that C-HARQ results in a net power savings across the cell (see Figure 2).  Under the assumption that AMSs move around during the subscription period (spending equal amounts of time receiving and offering C-HARQ), there is a net power savings for each participating AMS.    

The net power savings from cooperation is degraded by the power consumed during the setup phase.  Setup is composed of Neighbor Discovery and Cooperator Assignment.  AMSs needing C-HARQ consume power when transmitting Neighbor Discovery headers to “advertise” their need for support.  AMSs offering C-HARQ consume power when coming awake to listen for these headers and notifying the ABS when they believe they can help.  The power consumed by transmitting reports is small since the probability of an AMS being in the neighborhood of an AMS needing C-HARQ, having better link qualities than that AMS, and being the first to respond with a report to the ABS is small.  Thus, in the setup phase, the worst case power consumption occurs when a potential cooperator is in the longest sleep cycle.  Analysis shows that coming awake to listen for Neighbor Discovery headers every few frames reduces power savings by 12% compared to the most aggressive sleep cycle.
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Figure 2  Energy Efficiency vs. SNR of the AMS receiving Coop HARQ support.                              The red curve represents no Coop HARQ. The others represent Coop HARQ using different link adaptation algorithms. The best performer is the algorithm which maximizes goodput based on the BS link qualities of both AMSs. When the source AMS link quality is 5 dB, the gain in energy efficiency compared to no Coop HARQ is 50%. At lower SNR values, the gain is even greater. The curves indicate that energy efficiency remains the same or improves with Coop HARQ.
2.3 Security

The C-HARQ protocol is defined in such a way that there is no breach of security.  All clients participating in C-HARQ must have their own security context with the ABS, which is never shared with other clients.  The cooperator never de-encrypts the bursts is overhears.  It simply decodes and forwards them during retransmission opportunities.  

Only the STID of the AMS being helped is shared with the cooperator.  Although sharing this STID does not pose a security threat, there may be a concern that sharing an AMS’s STID with another AMS may facilitate denial of service attempts.  To avoid this potential problem, a temporary C-HARQ STID can be given to the AMS and its cooperator; the ABS would simply assign allocations to the C-HARQ STID instead of the AMS’s STID.  In this case, the AMS’s STID is never shared, and if the cooperator starts denial of service attempts, the ABS will immediately revert back to using the AMS’s STID for allocations, thereby canceling the cooperator’s knowledge of those allocations.
2.4 Synchronization
Since AMSs synchronize to the ABS and are at different distances from the ABS, they will not be synchronized to each other.  It is important, therefore, to consider the probability of an AMS being able to overhear transmissions from another AMS both for Neighbor Discovery and the actual Cooperative HARQ.  
Analysis shows that for AMS-to-AMS link qualities greater than 10 dB, the PER is zero (see Figure 2).  The offset = distance{ABS,AMS1} – distance{ABS, AMS2} – distance{AMS1,AMS2} where AMS1 is receiving C-HARQ and AMS2 is offering C-HARQ support. 
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Figure 3  PER vs. offset for varying levels of AMS1-to-AMS2 link SNR 
2.5 Mobility

There are two issues related to mobility:  loss of C-HARQ support when an AMS moves away and overhead resulting from having to reassign cooperators.  

When an AMS moves away, the cooperator will no longer be able to eavesdrop on the source AMS’s transmissions.  This does not result in any wasted transmission opportunities or changes in scheduling since the C-HARQ protocol assumes that even with a cooperator bandwidth is always assigned to the source AMS.  The only result is that the cooperator will not be boosting the signal strength on retransmissions.  After the cooperator misses a number of opportunities to boost the retransmission signals, the ABS will cancel the cooperator relationship.
There is no way to completely avoid losing cooperators since clients are intermittently mobile.  However, it is assumed that clients know when they are moving and opt out of C-HARQ at those times.  This means that only semi-stationary clients participate in C-HARQ.  The loss of cooperative relationships will still occur when a stationary client starts to move, however the overhead from having to reassign a cooperator in such cases is small compared to the gain from C-HARQ support while stationary.
3. Cooperative HARQ Protocol
3.1 Summary of Signaling Requirements
The following is a summary of the signaling required to implement Cooperative HARQ in 16m. It is described in greater detail in section 3.2.

· ND_IE 

· ND header

· ND report message
· C_REQ message

· C_REP message

3.2 Signaling Requirements
Cooperative HARQ is composed of Neighbor Discovery, Cooperator Assignment, 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 Assignment 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.
3.2.1 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 subsequent 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. an AMS in need of Cooperative HARQ shall use 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 HARQ 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 HARQ 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 qualities to and identifiers of those AMSs.  If the ND allocation was deterministic, the identifier is the allocation number (i.e. of the n allocations) in which the ND header was heard. If the ND allocation was random access, the identifier is the STID contained in the ND header.

Thus enabling Neighbor Discovery requires the following signaling:

· ND_IE 

· ND header

· ND report message
3.2.2 Signaling for Cooperator Assignment
After Neighbor Discovery, the ABS will have cooperator candidates for certain AMSs in its cell.  The ABS shall choose cooperators for these AMSs and inform the cooperators (and optionally the source AMSs) of the decision via a C_REQ message. 
The C_REQ message contains the STID/FID(s) that the cooperator shall help with and the power class service information of these FIDs.  The STID is either the STID of the AMS being helped or a temporary C-HARQ STID that the ABS uses during the period of cooperation to assign bandwidth to the AMS on the uplink.  If a C-HARQ STID is assigned, the ABS must send the C_REQ message to both the cooperator(s) and the source AMS.  A cooperator may accept or reject the assignment via a C_REP message.

Thus enabling Cooperator Assignment requires the following signaling:

· C_REQ message

· C_REP message

3.2.3 Signaling for Cooperative Scheduling

Once an AMS is assigned as a cooperator for a given 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 source AMS.  Thus enabling Cooperative Scheduling does not require any new signaling.

3.2.4 Signaling for Sleep/Idle Mode

Since Cooperative HARQ requires that AMSs remain neighbors, we assume that AMSs participating in Cooperative HARQ (whether giving or receiving support) are semi-stationary. Thus, if an AMS enters idle mode (i.e. it is mobile), it shall not be allowed to participate in Cooperative HARQ during that time. However, sleep mode shall still be allowed and will therefore be affected by the Cooperative HARQ protocol.
When an AMS has been chosen as a cooperator for another AMS’s FIDs, it shall be given the power class profiles for those FIDs 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 profile for the FIDs an AMS assigned to cooperate with shall be included in the C_REQ message.

Thus enabling Cooperative HARQ does not require any additional signaling beyond what is already contained in the C_REQ message for sleep/idle mode to function properly.
4. Text Proposal for AWD
============================= Start of Proposed Text ==================================
[Add the following to the end of subclause 15.2.14:]
15.2.14.6 Cooperative HARQ (C-HARQ)
C-HARQ is a technique where an AMS cooperates to forward bursts between another AMS and the ABS in order to boost reliability and capacity on the system.  802.16m shall enable this technique without the use of peer-to-peer protocols. Instead, it shall take advantage of an AMS’s ability to eavesdrop on another AMS’s initial burst transmissions to the ABS for the purpose of forwarding those bursts to the ABS in the event of retransmissions.
C-HARQ uses the ND_IE to allocate opportunities in the uplink sub-frame for AMSs to broadcast their need for cooperators. Cooperators that hear this type of broadcast successfully and determine that they can benefit the AMS send a report to the ABS. Based on these reports the ABS chooses a cooperator for a given AMS.  The ABS may then either inform the cooperator of the AMS STID/FID(s) it shall cooperate on, or it may give the cooperator and the AMS a temporary C-HARQ STID, which it shall use to allocate bandwidth to those FID(s) during the period of cooperation. When the AMS is scheduled to transmit a burst, the cooperator eavesdrops on the transmission. If retransmission is necessary and the cooperator overheard the burst successfully, it shall transmit the burst simultaneously with the AMS in the retransmission opportunity.

================================ End of Proposed Text ==============================

  


