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1. Definitions, acronyms, and abbreviations
For the purposes of this document, the following terms and definitions apply. 

1.1 Definitions
Peering:
the procedure to establish a link between a pair of PDs or links among multiple PDs discovered during the discovery procedure.
Peering Update:
the procedure used for a PD to update peering information of an existing peering relationship with other PDs.

De-peering:

the procedure to disconnect the link established by peering.
Device-level Peering: 
the Peering relationship among different PDs at device level

Application-level Peering: 
the Peering relationship with the same application among different PDs

User-level Peering: 
the Peering relationship among users on same or different PDs.
Hopper:
A PD that relays or hops messages or data to the other peers in proximity to extend the radio coverage.
1.2 Acronyms and abbreviations
PD:

Peer Device
PAC:

Peer Aware Communication

2. Background
Multi-hop operations should be supported at MAC for PAC. For example, according to IEEE 802.15.8 PFD, to extend the coverage of a PD or group members, a PD or group members relay received data to the destination PD or group members. To support multi-hop operations for PAC, multi-hop Peering is required to establish association relationship between the communication PDs that are more than one-hop away from each other, before they can start data transmissions.
In Summary:

· Multi-hop Peering shall be supported at MAC layer for PAC to enable multi-hop operation.
· Multi-hop one-to-one Peering shall be supported to enable Peering between communication PDs more than one-hop away from each other.
· Multi-hop one-to-many Peering shall be supported to enable a PD to enable Peering between communication PDs more than one-hop away from each other.
· Multi-hop many-to-one Peering shall be supported to enable multiple PDs to enable Peering between communication PDs more than one-hop away from each other.

· Multi-hop Peering Update shall be supported to enable PDs to update Peering information such as Peering identifier, Pering duration, Peering priority, assigned address, multi-hop operation configuration parameters, etc. 
· Multi-hop De-Peering shall be supported to enable the termination of the existing multi-hop Peering between PDs.
3. Overview

The features of multi-hop Peering, multi-hop Peering Update, and multi-hop De-Peering are specified in this section. 
In multi-hop Peering, a Hopper should forward Peering Requests and Peering Responses for PDs that are more than one-hop away from each other. A hopper could either forward Peering Request and Peering Response without processing MAC payloads, e.g. transparent mode, or intercept and process the Peering Request and Peering Response before forwarding them, e.g., proxy mode. For multi-hop one-to-many Peering or multi-hop many-to-one Peering, a Hopper could aggregate Peering Responses or Peering Requests, respectively.  
Peering could be supported in multiple level, e.g., Device-level Peering, Application-level Peering, and User-level Peering. Since Peering Request and Peering Response are MAC-layer messages, the Hoppers, the Peering requestor and the Peering responder should have Device-level Peering to support MAC-layer message forwarding.  
3.1 Multi-hop Peering
Multi-hop Peering is a procedure to establish peering relationship between the communication PDs more than one-hop away from each other.
3.1.1 Multi-hop One-to-One Peering
The Peering Request and Peering Response should be relayed by a Hopper. The Hopper should relay the Peering Requests and Peering Response using either transparent mode or proxy mode.  
· Transparent mode: a Hopper should simply and transparently forward Peering Request and Peering Response. The Hopper should not perform any other Peering-related process or actions.
· Proxy mode: a Hopper may intercept and process both Peering Request and Peering Response before forwarding the Peering Request and Peering Response.
3.1.2 Multi-hop One-to-Many Peering
The Peering requestor should converge Peering Requests. A Hopper should multicast the Peering Request to multiple PDs, aggregate the Peer Responses from multiple PDs, and send the aggregated Peering Response back to the Peering requestor.

3.1.3 Multi-hop Many-to-One Peering
A Hopper should aggregate the Peering Requests from multiple PDs into one Peering Request and send the aggregated Peering Request to the Peering responder. The peering responder should converge the Peering Response. The Hopper should multicast the converged Peering Response to the Peering requestors.
3.2 Multi-hop Peering Update
The Peering Update requestor should send the Peering Update Request via a Hopper. The Hopper should relay the Peering Update Request and Response for the Peering Update requestor and responder, respectively. 
3.3 Multi-hop De-Peering
The De-Peering requestor should send the De-Peering Request via a Hopper. The Hopper should relay the De-Peering Request and Response for the De-Peering requestor and responder, respectively.
4. Detailed Descriptions 

4.1 Multi-hop Peering

4.1.1 Multi-hop One-to-One Peering

Multi-hop one-to-one Peering should be supported in the following modes.
· Transparent mode: a Hopper should simply and transparently forward Peering Request and Peering Response. The Hopper should not perform any other Peering-related process or actions. As shown in Fig. 1, the procedure of two-hop one-to-one Peering in transparent mode contains four steps:
Step 1: PD A sends Peering Request to PD B via PD R.

Step 2: PD R as a Hopper relays the Peering Request to PD B without any processing.

Step 3: PD B sends Peering Response to PD A via PD R.
Step 4: PD R as a Hopper relays the Peering Response to PD A without any processing.

[image: image1.emf]PD B PD R PD A

Step 2: PeeringRequest (from PD A)

Step 1: PeeringRequest (with PD B)

Step 3: PeeringResponse

(for PD A)

Step 4: PeeringResponse

(from PD B)

 
Figure 1 Two-hop One-to-One Peering in Transparent Mode.

· Proxy mode:  a Hopper should intercept and process both Peering Request and Peering Response. For example, if the Peering requestor and the Peering responder aim to hide their privacy information from each other, a Hopper should hide such information before relaying the Peering Request and Peering Response. As shown in Fig. 2, the procedures of two-hop one-to-one Peering in proxy mode contain four steps.
Step 1:  PD A sends Peering Request to PD B via PD R.

Step 2: 
PD R as a Hopper relays the Peering Request to PD B without PD A’s information.

Step 3:  PD B sends Peering Response to PD A via PD R.

Step 4: PD R as a Hopper relays the Peering Response to PD A without PD B’s   information.
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Figure 2 Two-hop One-to-One Peering in Proxy Mode.

4.1.2 Multi-hop One-to-Many Peering
For multi-hop one-to-many peering, Peering Request convergence and Peering Response aggregation should be supported to enhance the efficiency of multi-hop Peering processes. The Peering requestor should converge the Peering Requests. A Hopper should multicast the Peering Request, aggregate the Peer Responses from multiple PDs, and send the aggregated Peering Response back to the Peering requestor. As shown in Fig. 3, a two-hop one-to-many peering process takes four steps.

Step 1: 
PD Z requests Peering with PD A – C. PD Z converges the requests into one Peering Request and sends it to PD A-C via PD R.
Step 2:  PD R as a Hopper multicasts the Peering Request to PD A-C.
Step 3:  PD A-C send Peering Responses to PD Z via PD R
Step 4: 
PD R as a Hopper aggregates the Peering Responses from PD A-C and forwards the aggregated Peering Response to PD Z.
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Figure 3 Two-hop One-to-Many Peering.

4.1.3 Multi-hop Many-to-One Peering
For multi-hop many-to-one peering, Peering Request aggregation and Peering Response convergence should be supported to enhance the efficiency of multi-hop Peering processes.

A Hopper should aggregate the Peering Requests from multiple PDs into one Peering Request and send the aggregated Peering Request to the Peering responder. The peering responder should converge the Peering Response. The Hopper should multicast the converged Peering Response to the Peering requestors. As shown in the example in Fig. 4, a two-hop many-to-one peering takes four steps.

Step 1:  PD A-C send Peering Requests to PD Z via PD R.

Step 2: 
PD R as a Hopper aggregates the Peering Requests and forwards the aggregated Peering Request to PD Z.
Step 3: PD Z converges the responses into one Peering Response and send the converged Peering Response to PD A-C via PD R.
Step 4:  PD R multicasts the Peering Response from PD Z to PD A-C.
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Figure 4 Two-hop Many-to-One Peering.

4.2 Multi-hop Peering Update
The Peering Update should be triggered by either end PD periodically (i.e. timer-based) or by certain event or condition (i.e. event-based). The Peering Update requestor should send the Peering Update Request via a Hopper. The Hopper should relay the Peering Update Request and Response for the Peering Update requestor and responder, respectively. As shown in Fig. 5, the procedure of two-hop one-to-one Peering Update contains four steps:
Step 1: PD A sends Peering Update Request to PD B via PD R.

Step 2: PD R as a Hopper relays the Peering Update Request to PD B.

Step 3: PD B sends Peering Update Response to PD A via PD R.

Step 4: PD R as a Hopper relays the Peering Update Response to PD A.
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Figure 5 Two-hop One-to-One Peering Update.

4.3 Multi-hop De-Peering

Multi-hop De-Peering could be triggered by the expiration of the assigned Peering duration or the occurrence of certain event such as bad link quality, loss of synchronization, etc. A PD could make Device-level/Application-level De-Peering with another PD. For example, a PD can request only Application-level De-Peering but keep Device-level Peering with another PD. The De-Peering requestor should send the De-Peering Request via a Hopper. A Hopper should relay the De-Peering Request and Response for the De-Peering requestor and responder, respectively. As shown in Fig. 6, the procedure of two-hop one-to-one De-Peering contains four steps:
Step 1: PD A sends De-Peering Request to PD B via PD R.

Step 2: PD R as a Hopper relays the De-Peering Request to PD B.

Step 3: PD B sends De-Peering Response to PD A via PD R.

Step 4: PD R as a Hopper relays the De-Peering Response to PD A.
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Figure 6 Two-hop One-to-One De-Peering.
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