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1. Introduction

The IEEE 802.16n System Requirement Document (SRD) [1] mandates the requirements to support HR-MS direct communications as well as HR-MS forwarding to network. During these operations, a pair of HR-MSs will transmit to and receive from each other directly over the radio link. This contribution discusses approaches to allocated OFDMA resources to support these HR-MS direct radio links and proposes text to be adopted into the 802.16n AWD.
2. Use Cases

2.1. HR-MS Direct Communications

As specified in Section 6.1.3.1 of 802.16n SRD [1]:

“HR-MS shall provide direct communication i.e. the origination and termination of the data are at the HR-MS. Association establishment procedure of an HR-MS to another HR-MS shall be supported.
HR-MS shall support communication of user data and control signaling between an HR-MS and one or more HR-MSs that are 1-hop away.

HR-MS shall support forwarding of user data and control signaling between an HR-MS and one or more HR-MSs.”

The above specifications cater for two main use cases, when both HR-MSs are under control of an HR-BS (or HR-RS) and when there is no infrastructural station in the network and HR-MS needs to relay data for each other. In this contribution, we only focus on the first use case, when there exist a HR-BS/HR-RS in the network.
2.2. HR-MS Forwarding to Network

As specified in 802.16n SRD [1]:
“HR-MS forwarding is defined as the case where the origination and termination of data are at the HR-MS and network respectively and vice versa. 

HR-Network shall support HR-MS forwarding of user data and control signaling between HR-MS and HR-BS and between HR-MS and HR-RS.  The control signaling and data transmission for the HR-MS to HR-MS direct link shall at least be capable of operating within the frequency band that the HR-BS operates. An association establishment shall be supported.”

Based on the above specifications, there can be two main use cases for HR-MS forwarding to network (FTN), i.e., when the forwarded HR-MS is within or outside the coverage of the corresponding HR-BS (or HR-RS). 802.16n resource allocation should take care of both of these scenarios.

3. Design Criteria

In designing mechanisms to support HR-MS direct communications and HR-MS FTN, the important design criteria are as follows:

· Minimizing changes to the existing 802.16 specifications;

· Avoiding interference to other .16 operations;

· Incurring low overhead and complexity;

· Allowing flexible scheduling and configuration.
4. Discussion of Approaches
4.1. DL versus UL Resource Allocation
In current 802.16 specifications, each frame is divided into two main areas, i.e., DL and UL suframes. OFDMA resources for MSs to transmit signaling and data are allocated in UL subframes by BS/RS. To support HR-MS direct communications and HR-MS FTN, 802.16n should stick with the same allocation principle, i.e., transmissions from HR-MSs will only be scheduled in UL subframes. This excludes the possible scenario when an HR-MS need to transmit preamble signals for out-of-coverage HR-MSs to connect to the network. In such a scenario, the location of preamble is [TBD]. Scheduling all HR-MS/HR-MS direct transmission in the UL area brings the following benefits:

· Keeping the frame structure close to what has been specified for 802.16-2009 and 802.16m;

· Avoiding interfering with other HR-MSs (this will happen when HR-MSs are allowed to transmit in the DL area);
· Allowing HR-BS to have better control of HR-MSs.

Furthermore, to minimize UL interference, we propose to use centralized resource scheduling, where resource allocations to HR-MSs in direct communications or forwarding to network will be determined by the corresponding HR-BS/HR-RS.

4.2. Frame Structure

HR-MS direct communications and HR-MS FTN are opportunistic in nature. These connections can often be short-lived due to nodes’ mobility and changes in other network conditions. As such, OFDMA resources should be allocated in the on-demand basis, and can be mixed with normal allocations in UL subframes. This on-demand allocation approach brings the following benefits:

· Flexibility in multiplexing between normal UL and direct HR-MS communications;

· Avoiding PHY new design for the new zone for direct HR-MS communications.

5. 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

[-------------------------------------------------Start of Text Proposal---------------------------------------------------]

[Adopt the following text in the 802.16n AWD Document (C802.16x-xx/xxxx)]

17.2.2 Direct Communications between HR-MSs
17.2.3.x OFDMA Resource Allocation
For HR-MS direct communications under the control of an HR-BS/HR-RS, the OFDMA resource shall be allocated in UL subframes of the HR-BS (HR-RS).
17.2.3 HR-MS Forwarding to Network
17.2.3.x OFDMA Resource Allocation

For HR-MS forwarding to network operation, the OFDMA resource for the direct link between the forwarding and forwarded HR-MSs shall be allocated in UL subframes of the HR-BS (HR-RS).

[-------------------------------------------------End of Text Proposal----------------------------------------------------]
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