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1 Overview

The IMT-Advanced Network Topology requirement proposes multi-hop, mesh and P2P (peer-to-peer) modes. As such, the 802.16m operational requirements call for multi-hop relay support. A system that supports multi-hop relay with mobile relay stations (MS) will open tremendous opportunities for low cost scalable network architectures. The term “Ad Hoc Relay” is introduced to uniquely identify a capability that enables multi-hop mesh and P2P communications utilizing IEEE 802.16m MS nodes and distinguishes itself from the prior IEEE 802.16 Mesh Mode by offering an integrated solution for multi-hop relay. 
Ad hoc relay requirements support use cases such as low cost coverage extension, in-building penetration, P2P communication for applications such as public safety, web browsing, social networking, and gaming. An added benefit of MS P2P Ad Hoc Relay is improved spatial reuse. Contribution IEEE C802.16m-07/260r2 provided a detailed description of these potential usage models, applications, and benefits, as well as differentiation from current technologies. An illustration of possible system configurations is provided below.
This contribution provides a frame structure definition that supports BS supervised Ad Hoc Relay in 802.16m system configurations. Ad Hoc Relay functionality encompasses coverage extending MS relays as well as P2P connections utilizing MS network elements for single hop or multi-hop P2P communications sessions. The IEEE 802.16m MS within this contribution are also referred to as Ad Hoc Relay capable nodes. One element of the frame structure is a means to synchronize and control MS nodes that are out of the 802.16m system coverage. A second element enables 802.16m Ad Hoc Relay capable MS nodes to communicate P2P without utilizing the BS and without coordination from the BS. These peer communications allow these nodes to allocate resources or negotiate the reuse of spatially separate resources with peer nodes, and to find routes to other peer nodes for the purpose of establishing P2P communications in the appropriate use cases/applications. A third element is a unique set of communication resources that enable multiple simultaneous ad hoc communications. These three elements are part of a proposed Ad Hoc Zone.
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1.1 Ad Hoc Relay Requirements

Given the use cases and applications of Ad Hoc Relay connections for P2P communications described in contribution IEEE C802.16m-07/260r2, it is prudent to assess the enabling requirements for 802.16m. In a hybrid mesh/ad hoc network topology, the key enablers are the key requirements.  More specifically, Ad Hoc Relay for P2P communication sessions require control and access mechanisms that allows peer nodes to synchronize and communicate with one another (MS with MS). To align with the 802.16m requirements, an Ad Hoc Relay solution needs to be lean, yet integrated to coexist with legacy point-to-multipoint (PMP) services. For maximum network efficiency, the system needs to be adaptive to traffic demands for ad hoc communications and opportunistic with respect to the proximity of ad hoc capable MS devices. The system needs to be flexible and simple to allow self-optimizing deployment wherever it is necessary as opposed to being rigid with fixed deployments that do not address the micro-holes of coverage or the particular traffic/propagation configuration of the environment. And the self-optimized deployment should limit the configuration to a small number of short hops while maximizing the opportunity for spatial reuse. 

In addition to physical layer synchronization to mitigate inter-symbol interference caused by multiple simultaneous ad hoc communications, there is a need for network synchronization to align hardware clocks and to provide network configuration information to the MS nodes that are out of the coverage of the BS. While these capabilities are MAC related and out of scope for this contribution, this contribution does require that the 802.16m frame structure be enhanced to enable network synchronization and transfer of control information to out-of-coverage MS nodes.
In a network that enables single or multi-hop P2P communications, the peer Ad Hoc Relay capable MS nodes need a mechanism for discovering a communication path between them. Out-of-coverage MS that need to find a route to the BS can utilize tree-based routing procedures; however traditionally, in order to enable the direct communication between MS nodes, the route discovery mechanism requires the ability to broadcast route request (RREQ) messages to neighboring MS nodes to search for the optimal communication path. The 802.16e frame structure does not provide a mechanism for a MS node to broadcast, multicast, or unicast messages in a way that would enable any neighboring MS node to receive the locally transmitted message. Other routing and synchronization messages also need the ability to be broadcast in an Ad Hoc Relay network. 

Finally, distributed Ad Hoc Relay topologies require the ability to negotiate with a peer node for a traffic channel resource for P2P communications. Different distributed solutions for allocating a resource should be possible. For example, the negotiation could result in the BS allocating or reserving resources to be managed by the Ad Hoc Relay capable MS nodes or the BS could direct or approve an allocation negotiated strictly between the peer MS nodes. Distributed MS resource management of BS reserved resources has the advantage of more efficient reuse of spatially separate resources.  This implies that individual peer MS nodes will negotiate with each other for resources that are perceived by each peer as being locally unused. As with the issue of route discovery, this resource negotiation requires the ability for a MS node to unicast resource negotiation messages in a way that would enable a neighboring MS node to receive the locally unicast message. While these capabilities for resource negotiations are MAC related and out of scope for this contribution, this contribution does require that the 802.16e frame structure be enhanced to provide for these types of resource negotiations.
2 Proposed PHY Changes

The mechanisms to enable BS controlled Ad Hoc Relay connections could be provided with a new frame structure along with supporting methods. As stated in the Ad Hoc Relay Requirements described above, the primary elements that are needed are control and access mechanisms that allow peer nodes to synchronize and communicate with one another (MS with MS). 

2.1 Inclusion of an “Ad Hoc Zone” in Frame

IEEE 802.16e enables the addition of new zones in the frame structure. To support Ad Hoc Relay networking, a new “Ad Hoc Zone” is proposed. With this Ad Hoc Zone (AHZ) proposal, it is possible for legacy 802.16e MS nodes to coexist in an integrated solution with ad hoc capable 802.16m MS nodes.
2.1.1 Ad Hoc Frame Structure

As illustrated in Figure 1, the Ad Hoc Zone is a TDM allocation in the UL sub-frame to enable meshing of MS nodes in ad hoc relay configurations with peer-to-peer communications. 
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Figure 1 - Frame Structure to Support Ad Hoc Relay Mode Communications
As illustrated in Figure 1, the Ad hoc Zone would best be defined within the UL sub-frame since this would insure that all peer-to-peer communications occur at the same time as other UL transmissions within the system, thus mitigating the potential for interference. As implied by the illustration, the symbols normally allocated to the Ad Hoc Zone are re-allocated to the IEEE 802.16m UL sub-frames when the Ad Hoc Zone is not present. The presence of the Ad Hoc Zone is determined by traffic requirements for MS relay and MS P2P communications as well as the overall resource demands for IEEE 802.16m UL connections. When the traffic demands for ad hoc relay communications are low, the Ad Hoc Zone may not be present in every frame. The periodicity of the Ad Hoc Zone will be discussed as part of the discussion on the Ad Hoc Zone Superframe. 

The Ad Hoc Zone can occupy as little as 3 OFDM symbols in a sub-frame, although sub-frame definitions of an IEEE 802.16m frame make a 6 symbol Ad Hoc Zone more likely. Three AHZ OFDM symbol types are possible: a preamble symbol, a data symbol, or a guard symbol. A breakout of the Ad Hoc Zone with symbol type definitions is illustrated in Figure 2 below:
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Figure 2 – Physical Layer Definition of Ad Hoc Zone
OFDM data symbols in an Ad Hoc Zone can be allocated as a logical channel identified as a UAC, ADCH, or a DSC (these logical channels are defined in section 2.1.2 of this contribution). With multiple OFDM data symbols in an Ad Hoc Zone, multiple logical channels can be allocated. The multiple logical channels can be the same (e.g. multi-symbol ADCH) or they can be a mix (e.g. a UAC and a DSC). The Ad Hoc Zone can be extended in size or increased in periodicity to manage the traffic demands for ad hoc relay and peer-to-peer communications. When extended in size, the number of data symbols can grow in single OFDM symbol increments beginning with 3 (or the smallest uplink sub-frame) or uplink sub-frame increments. Examples of logical channel definitions in a 6 symbol sub-frame are illustrated in Figure 3 below.
The preamble symbol enables physical layer synchronization between peer MS nodes in cases where one peer node is out of the coverage of the BS. Since the out of coverage nodes cannot synchronize and receive control information from the BS, the preamble to the DSC enables these MS nodes to synchronize with nodes that are within coverage of the BS. The preamble symbol is only required when transmitting the DSC. The preamble and DSC are transmitted at the beginning of the Ad Hoc Zone when present.
The guard symbol provides a turn around time between transmit and receive. The guard symbol is not required if the Ad Hoc Zone is the last sub-frame of a IEEE 802.16m frame since the RTG provides the necessary turn around time.
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Figure 3 – Example Logical Definitions of a 6 symbol Ad Hoc Zone

2.1.1.1 UL Permutation and Ad Hoc Zone Mini-Tiles
In contribution IEEE C802.16m-08/008, the concept of Resource Tiles and Mini-Tiles are introduced.  Resource Tiles and Mini Tiles are a means for mapping PHY PDUs to the physical OFDM subcarriers and are largely analogous to the subcarrier permutations defined in 16e.  An Ad Hoc Zone (AHZ) Mini-Tile is proposed to enable multi-access ad hoc communications. This AHZ Mini-Tile and the rationale for its use are defined here.

The AHZ will utilize adjacent sub-carriers. For each of these example logical channel patterns illustrated in Figure 3, the pilot structure will preferably be designed so that at least symbols 1 and/or 2 and symbols 4 and/or 5 of the AHZ contain pilots. This is done to insure appropriate channel estimation to demodulate the signal. Contribution IEEE 802.16m-08/012 provides an uplink pilot structure that meets this criterion. The specific permissible logical channel patterns depend on the uplink permutations and pilot structures that are implemented for IEEE 802.16m. In contribution IEEE C802.16m-08/008, the concept of Resource Tiles and Mini-Tiles are introduced. An AHZ Mini-Tile, which is defined as a 3 symbol by 18 subcarrier resource slot, is a proposed extension to this concept. This method would allow for two AHZ Mini-Tiles in time within each six symbol sub-frame, thus providing support for all of the logical channel examples shown in Figure 3.
By nature, the AHZ permits multi-access ad hoc communications. In other words, transmissions in the Ad Hoc Zone preferably enable a single source and destination, a single source and multiple destinations, or multiple sources with either single or multiple destinations. For example, an efficient use of the Ad Hoc Zone would permit source 1 to transmit within the first 3 symbols of the zone while source 2 transmitted in the second 3 symbols of the zone; alternatively source 1 may receive in the first 3 symbols and transmit in the second 3 symbols. More specific examples are illustrated in Figure 4 where an IEEE 802.16m ad hoc capable node A receives an FTP packet from node B in the first 3 symbols and transmits an acknowledgement to node B in the second 3 symbols of the Ad Hoc Zone (processing delays may dictate that the ACK be in reference to a packet transmitted in an earlier frame). Alternatively, node A transmits a VoIP packet to node B in the first 3 symbols and node B transmits a VoIP packet in the second 3 symbols of the Ad Hoc Zone.
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Figure 4 – Example Multi-Transmission Opportunities in Ad Hoc Zone

Therefore, the Ad Hoc Relay zone will advantageously use 3 symbols by 18 sub-carrier AHZ Mini-Tiles to enable multi-access ad hoc communications within the Ad Hoc Zone as illustrated in Figure 5:
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Figure 5 – Example UL Permutation and Usage of the Ad Hoc Zone

It should be noted that Figure 5 is provided as illustration only. As is discussed in section 2.1.1, guard symbols are not always required. When not required, these symbols may instead be used to transmit a combination of data and/or pilots.

2.1.2 Ad Hoc Zone Logical Channel Definitions

As shown in Figure 2, the Ad Hoc Zone can be allocated as one of 3 possible logical channels: UAC, ADCH, or DSC. These logical channels are defined as follows: 
2.1.2.1 UAC

In general, the UAC (Unscheduled Access Channel) provides a logical control channel to enable communication of control messages between peer MS nodes. More specifically, the UAC is a multi-access channel to enable 802.16m ad hoc capable nodes to communicate to establish and maintain an Ad Hoc Relay connection. These MS nodes require the ability to communicate directly with peer MS nodes with broadcast, multicast, or unicast messages. The UAC provides a vehicle for routing procedures and resource negotiation procedures. It is specified as a multiple access channel for simultaneous message transmissions. Simultaneous access to the UAC for P2P communications is enabled by randomly selecting an OFDMA sub-channel from the UAC. The number of OFDMA sub-channels in the UAC is sufficient for a low probability of collision.
2.1.2.2 ADCH

The ADCH (Ad Hoc Data Channel) within the “Ad Hoc Zone” provides a unique set of communication resources that enable multiple simultaneous ad hoc communications. An ADCH may consist of one or more adjacent symbols in the Ad Hoc Zone. The periodicity of this ADCH is dependent on system configuration and traffic requests. An attempt to establish a peer-to-peer communication link between ad hoc relay capable nodes will trigger the expansion of the number of allocated ADCH channels by the BS. The base station enables the establishment of peer-to-peer links.
When used for MS to MS direct link traffic, resources are negotiated on the UAC. Once ADCH channels have been allocated by the BS, individual peer-to-peer communication links can be negotiated between peer MS nodes using the UAC. This would involve a handshake between the two peer MS nodes to exchange and agree on an overlapping set of channels from the ADCH perceived to be idle. 
2.1.2.3 DSC

The DSC (Distributed Synchronization Channel) is a logical control channel. This logical channel is used to provide control information and a beacon to synchronize 802.16m ad hoc capable MS nodes that are out of the coverage of the BS. This synchronization provides a means to establish the IEEE 802.16m frame boundary for out-of-coverage standby devices. IEEE 802.16m ad hoc capable MS nodes share the responsibility to transmit the DSC on a periodic basis. The content of the DSC consists of parameters to support network synchronization as well as system control such as paging information, paging group identifier, state information, Ad Hoc Zone logical channel periodicity, etc. It also provides descriptors that define the Ad Hoc Zone configuration of an ad hoc superframe. 
2.1.3 Ad Hoc Zone Superframe 

The Ad Hoc Zone need not be present in all 802.16m frames and is a function of the traffic load of UL connections and traffic demands for Ad Hoc Relay connections. Consequently, a superframe is defined for the Ad Hoc Zone. The Ad Hoc Zone Superframe interval is based on the minimum periodicity of the DSC which is transmitted for the benefit of ad hoc capable IEEE 802.16m MS nodes that may be out of BS coverage. The start of the Ad Hoc Zone Superframe is identified with information transmitted in a unique DSC. 
Changes to the Ad Hoc Zone are determined by the BS as part of Radio Resource Management. The Ad Hoc Zone superframe enables traffic driven allocation and re-allocation of Ad Hoc Zones within the IEEE 802.16m frame structure. The Ad Hoc Zone configuration is specified in the UL-MAP for in-coverage ad hoc capable nodes or within the DSC for out-of-coverage ad hoc capable MS nodes. 
The DSC, UAC, and ADCH logical channels can be present in the Ad Hoc Zone in the same frame or in separate frames. The MAP and the DSC describe the configuration and periodicity of these logical channels of the Ad Hoc Zone. Each of the possible channels of the Ad Hoc Zone can occupy as little as 3 symbols in a frame with a minimum periodicity of one DSC and one UAC every 20-40 frames. As an example, a system supporting a heavy load of Ad Hoc Relay traffic might have one Ad Hoc Zone per frame consisting of a DSC, a UAC, or an ADCH. In this example, the repetition pattern of the Ad Hoc Zone might contain one DSC, four UACs, and 15 ADCHs every 20 frames. In a lighter loaded system example, there might only be one Ad Hoc Zone every fourth frame with a repetition pattern of one DSC, one UAC, and 3 ADCHs every 20 frames. Both examples are illustrated in Figure 6 below: 
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Figure 6 - Repetition of the Ad Hoc Zone and Various Channels within this Zone
3 Proposed MAC Changes

The previous sections of this contribution provided a frame structure definition that supports BS supervised Ad Hoc Relay in 802.16m system configurations. Ad Hoc Relay functionality encompasses coverage extending MS relays as well as P2P connections utilizing MS network elements for single hop or multi-hop P2P communications sessions. The application of Ad Hoc Relay was previously discussed in contribution IEEE C802.16m-07/260r2. The obvious enhancement that Ad Hoc Relay brings is the ability for MS nodes to form a direct link for P2P communications. The implication of these enhancements is that they impact several functional blocks of the MAC common part sub-layer.
3.1 Ad Hoc Relay Self-Organization

IEEE 802.16m MSs use self-organizing procedures to ensure that out of BS coverage ad hoc capable MSs are able to synchronize and access the IEEE 802.16m network. Such procedures allow the alignment of MS hardware clocks and provision of network configuration and control information to the MS nodes that are out of the coverage of the BS. The network configuration information includes Ad Hoc Zone superframe information. The network control information includes paging information, location area identifier, etc.
3.2 Ad Hoc Relay Routing

Routing procedures manage the discovery and maintenance of multi-hop relay connections through IEEE 802.16m MSs and other intermediate IEEE 802.16m MS relays. 
Route discovery procedures include metrics for path optimization of routes between MS, RS, and BS. For example, these procedures may allow a MS to select a route to the BS via either an RS or another MS to provide the highest link performance. 
Route discovery procedures allow the BS to initiate a path minimization function to improve resource utilization. For example, these procedures may allow the BS to instruct a MS to find the shortest path to the destination MS, even if the path does not include the BS. The selected path may be via another MS or via one or more RSs.
Ad hoc route maintenance supports mobility management procedures for handover.
3.3 Ad Hoc Relay Mobility Management

Mobility management of IEEE 802.16m ad hoc capable MSs includes procedures to enable a multi-hop relay connection via a MS to be handed over to a PMP connection with the BS. 
Mobility management procedures also enable a PMP connection with the BS to be handed over to a multi-hop relay connection via an IEEE 802.16m ad hoc capable MS. 
3.4 Ad Hoc Relay Radio Resource Management

Radio resource management includes capabilities to dynamically configure the Ad Hoc superframe periodicity of the Ad Hoc Zone logical channels and communication resources based on traffic demands for multi-hop relay and P2P communications. Such configuration changes are communicated in the UL-MAP for in-coverage ad hoc capable nodes or within the DSC for out-of-coverage ad hoc capable MS nodes.
Radio resource management for ad hoc relay includes procedures for resource negotiations between peer MS nodes to improve the spatial reuse of these resources. The resources are drawn from the unused resources of the Ad Hoc Zone allocated for MS peer connections. 
4 Suggested Changes to System Description Document

The motivation for supporting Ad Hoc Relay communications in 802.16m has been explained in contribution IEEE C802.16m-07/260r2. Several use-cases that could benefit from this capability have been listed. Requirements and/or potential changes to the MAC and PHY to enable P2P communications have been described in this contribution. To accommodate these changes, new sections of the System Description Document (SDD) are requested and text from this contribution as specified below is proposed for inclusion into these SDD sections.

It is proposed that the following new sections be added. Text and figures from this contribution are referenced as optional placeholders for these sections.
Physical Layer

Frame Structure (new)
Ad Hoc Frame Structure (new)
Optionally insert text and figures from section 2.1.1 of this contribution

Ad Hoc Zone Logical Channel Definitions (new)
Optionally insert text from section 2.1.2 of this contribution

Ad Hoc Superframe (new)
Optionally insert text and figures from section 2.1.3 of this contribution
MAC Common Part Sub-Layer

Resource Control and Management Functions (new)
Ad Hoc Relay Self-Organization (new)

Optionally insert text from section 3.1 of this contribution

Ad Hoc Relay Routing (new)

Optionally insert text from section 3.2 of this contribution

Ad Hoc Relay Mobility Management (new)

Optionally insert text from section 3.3 of this contribution

Ad Hoc Relay Radio Resource Management (new)

Optionally insert text from section 3.4 of this contribution
Internet





BS supervised P2P utilizing Ad Hoc Relay enables spatial reuse





Legacy 16e node





16m ad hoc capable node





Control Link





Traffic Channel





BS





RS





Ad Hoc Relay enabling coverage extension via an MS





Frequency


10 MHz





One 5 msec frame





Time





Ad Hoc Zone


(opt.)





Sub-frame 0





Sub-frame 1





Sub-frame 2





Sub-frame 3





Sub-frame 4





Sub-frame 5





Sub-frame 6





Sub-frame 7





Downlink





Uplink





Same numerology as IEEE 802.16e


Symbol duration


Cyclic prefix length


Sub-carrier spacing





AHZ OFDM Symbol Types


Preamble Symbol


Data Symbols


UAC


ADCH


DSC


Guard Symbol








 Ad Hoc Zone Logical Channels





Guard Symbol (opt)








ADCH





Preamble Symbol





DSC





Guard Symbol





Guard Symbol (opt)





UAC





Guard Symbol (opt)





Guard Symbol





ADCH





UAC





Data and Feedback Example (e.g. FTP w/ACK)





VoIP Example





Logical Control Channel Example





Example Permutation and Pilot Structure


Utilize Ad Hoc Zone Mini-Tile (3 symbols x18 sub-carriers) to:


Maximize Ad Hoc Zone Efficiency


Reduce delay


Referenced contributions 


IEEE C802.16m-08/008 


IEEE C802.16m-08/012





AHZ �Mini-Tile 





Slot Format 1





1     2        3      4      5      6       7      8       9     10    11   12     13    14     15    16    17    18





1    2   3   4    5    6





Freq





Time





Pilot Symbol





Guard Symbol �(when necessary)





Data Symbol





AHZ �Mini-Tile 





DSC





UAC





ADCH





802.16 frame





1 or 2 AHZ data symbol types in a sub-frame





Example of a heavier loaded system of Ad Hoc Zones Distribution





   1       2       3       4      5       6      7      8       9      10     11    12     13     14    15     16     17    18     19    20





802.16 frame





Example of a lighter loaded system of Ad Hoc Zones Distribution





   1       2       3       4      5       6      7      8       9      10     11    12     13     14    15     16     17    18     19    20





802.16e/m frames





Time








[image: image8.emf] 

Frequency

 

10 MHz

 

One 5 msec frame 

Time 

Ad 

Hoc 

Zone 

(opt.) 

Sub-

frame 

0 

Sub-

frame 

1 

Sub-

frame 

2 

Sub-

frame 

3 

Sub-

frame 

4 

Sub-

frame 

5 

Sub-

frame 

6 

Sub-

frame 

7 


  


[image: image9.emf] 

Frequency

 

10 MHz

 

One 5 msec 

frame 

Ad 

Hoc 

Zone 

(opt.) 

Sub-

frame 

0 

Sub-

frame 

1 

Sub-

frame 

2 

Sub-

frame 

3 

Sub-

frame 

4 

Sub-

frame 

5 

Sub-

frame 

6 

Sub-

frame 

7 

[image: image10.emf]DataACK/Ctrl

[image: image11.emf] 

Fwd VoIPRev VoIPFwd VoIPRev VoIP

[image: image12.emf]Transmitting node A

Transmitting node B

Guard symbol

Transmitting node A

Transmitting node B

Guard symbol

[image: image13.emf]DSC UACDSC UAC

