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1. Introduction
HR-MS to HR-MS direct communication is new feature for IEEE 802.16 networks. It will be defined in the IEEE 802.16n amendment.  This feature will significantly improve the capability of HR-MS in various harsh environment and increase network throughput when local traffic dominates the network.
In 802.16n System Requirement Document [1] section 6.1.3.1, it says that “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.”. 

Since the requirement does not set constraint on whether HR-MSs have associated to an infrastructure stations, in this contribution, we assume an HR-BS is presented in the network and the HR-MSs involved in the direct communication are associated to the same HR-BS or HR-RS.   
2. HR-MS to HR-MS Direct Communication
 The HR-MS direct communication can happen with or without the supporting form infrastructure nodes. In this contribution, we focus on the use cases of two HR-MS either directly under the same HR-BS or under the same HR-RS as figure 1 shows. We propose a signaling procedure for set up direct communication between the source and destination.. 
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Figure 1: Use cases of HR-MS to HR-MS direct communication with infrastructure stations
Figure 2 and figure 3 shows the basic process of the service addition for direct communication initiated by HR-MS. Bascially, when receiving the DSA-REQ from the source and HR-BS find that a direct communication should be setup between the source and destination, it sends back a DSX_RVD to the source. The source is aware of the direct communication setup and resets its timer to wait for the DSA_RSP from the HR-BS. At the same time, HR-BS perform a DSA transaction with the destination HR-MS and once it is finished, HR-BS send the DSA_RSP to the source and wait for the DSA_ACK from source. After sending the DSA_ACK, the HR-MS can start sending the data packet over the direct communication link based on the scheduling information from the UL-MAP of the HR-BS.  
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Figure 2: direct communication service flow addition for the IEEE 802.16e standard

For 802.16m standard, the basic process is the same. The only difference is the DSX_RVD is replaced by the DSA_RSP and DSC_RSP. Figure 4 shows the process for service flow addition in 802.16m system. 
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Figure 3: direct communication service flow addition for the IEEE 802.16m standard
The procedure of service flow modification is similar to the service flow setup. 

For direct communication service flow deletion, it is simpler. When receiving the service deletion request from one of the HR-MS, the HR-BS send back a response and at the same time, it also send a deletion request to the othe HR-MS and wait for the response. When HR-MS receives service flow deletion from HR-BS, it sends back a response to the HR-BS. Figure 3 shows the process of service deletion.  
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Figure 4: Service flow deletion

3. Summary

In this contribution, we provide a procedure for 802.16n HR-MS in setting up direct communication link with the help from infrastructure stations. 
4. 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 Document (XXX --- document number)]
17.2.2.4 HR-MS Direct Communication with Infrastructure Stations 
17.2.2.4.2 Direct communication service flow management
17.2.2.4.2.1 Service flow creation over direct communication link
After a direct communication link has been setup between the source and destination HR-MS, the source HR-MS can setup flows over the direct communication link.  

A direct communication setup protocol is illustrated in Figure xxx and described in detail in 17.2.2.4. 2.3.

When HR-BS receives DSA-REQ from HR-MS, it checks whether a direct communication can be setup between the source and destination. If direct communication can be setup, HR-BS sends back a DSX_RVD to source HR-MS with indication of direct communication link. If direct communication is possible, the HR-BS holds on the transmission of DSA-RSP to source HR-MS until it finishes DSA negotiation with the destination HR-MS.  
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Figure XXX: The establishment of direct communication between HR-MS
17.2.2.4.2.2 Modification and Deletion of Dynamic Service Flow over direct communication link
In addition to the methods presented in 17.2.2.4.2.3 for creating service flows, protocols are defined for modifying and deleting service flows; see 17.2.2.4.2.4 and 17.2.2.4.2.5.

The modification of parameters of a service flow over direct communication link also involves both the source and destination HR-MS.
If the modification is initiated by one HR-MS, then if and only if the HR-BS and the other HR-MS agree with the modification, then the modification can be applied. If the modification is initiated by the HR-BS, then if and only if both HR-MSs agrees with the change then the modification can be applied.  
17.2.2.4. 2.3 Dynamic Service Addition
When HR-BS receives a DSA_REQ from an HR-MS and find that direct communication can be setup between the source and destination HR-MSs by checking the source and destination addresses after testing the integrity. If direct communication can be setup, the Confirmation Code in DSX_RVD message shall be set to direct-comm-setup as defined in table 607 so that the source HR-MS knows that a direct communication link is going to be setup between the source and destination HR-MSs and Timer 74 instead of timer T7. Else, the HR-BS processes the DSA_REQ as a normal request.     
HR-BS creates a flow_id based on the QOS requirement in the DSA_REQ.

Before sending DSA_RSP back to the source HR-MS, the HR-BS shall finish the DSA transaction with destination HR-MS with indication of direct communication. The process is illustrated in the table xxx. 
Table XXX – DSA Process for the direct communication

	Source SS
	Destination SS
	
	BS

	New service flow needed
	
	
	

	Check if resources are available
	
	
	

	Send DSA-REQ

Set Timers T7 and T14
	
	---DSA-REQ-->
	Receive DSA-REQ

	
	
	
	DSA-REQ integrity valid

	Timer T14 Stops; If direct communication is feasible, Timer T7 stops; Set Timer T74. 
	
	
	Check whether source and destination SS can support direct communication.  

	
	
	<-- DSX-RVD--
	Check whether source and destination are neighbors. 

	
	
	
	Check whether SS is authorized for service

	
	
	
	Check whether service flow QoS can be Supported

	
	
	
	Create SFID

	
	Receive DSA-REQ
	<-- DSA-REQ--
	Send DSA-REQ

Set Timer T7

	
	Confirm that SS can support service flow
	
	

	
	Add DL SFID (if present)
	
	

	
	Enable reception on any new DL service flow
	
	

	
	Send DSA-RSP
	---DSA-RSP-->
	Receive DSA-RSP

Timer T7 Stops

	
	
	
	Enable transmission (DL) or reception (UL) of data on new service flow

	
	Receive DSA-ACK
	<-- DSA-ACK--
	Send DSA-ACK

	
	Enable transmission on new UL service

Flow
	
	

	Receive DSA-RSP

Timer T74 Stops
	
	<--DSA-RSP---
	Send DSA-RSP

	If ActiveQoSParamSet is non-null, Enable transmission or reception of data on new service flow
	
	
	

	Send DSA-ACK
	
	---DSA-ACK-->
	Receive DSA-ACK

	
	
	
	If DL ActiveQoSParamSet is

non-null, Enable transmission of data on new DL service flow


17.2.2.4.2.4 Dynamic Service Change
With direct communication, the data flow is uni-direction, from source to destination HR-MS. Only source HR-MS and HR-BS are allowed to change the service flow parameters. 
Source HR-MS initiated DSC procedure

When receving DSC-REQ from source HR-MS, the HR-BS shall delay the DSC-RSP to the source HR-MS and finish the DSC transaction with destination HR-MS first. Once the DSC transaction with destination HR-MS is finished, then the HR-MS sends a DSC-RSP to the source HR-MS and wait for the ACK. The process is illustrated in the table xxx.
Table xxx: HR-MS initiated DSC procedure for direct communication
	Source HR-MS
	Destination HR-MS
	
	HR-BS

	Service flow requires modifying
	
	
	

	Send DSC-REQ

Set Timers T74 and T14
	
	--------- DSC-REQ ---->
	Receive DSC-REQ

	Timer T14 Stops
	
	<------ DSX-RVD -------
	DSC-REQ integrity valid

	
	
	
	Validate Request

	
	Receive DSC-REQ
	<------ DSC-REQ -------
	Set Timers T7

	
	Validate request
	
	

	
	Modify service flow
	
	

	
	Send DSC-RSP
	--------- DSC-RSP ---->
	Receive DSC-RSP

Timer T7 Stops

	
	
	
	Increase Channel Bandwidth if Required

	
	Receive DSC-ACK


	<------ DSC-ACK -------
	Send DSC-ACK

	Receive DSC-RSP

Timer T74 Stops
	
	<------ DSC-RSP --------
	Send DSC-RSP

	Reduce Payload Bandwidth if Required
	
	
	

	Send DSC-ACK
	
	--------- DSC-ACK ---->
	Decrease channel Bandwidth if Required

	Increase Payload Bandwidth if Required
	
	
	


HR-BS Initiated
HR-BS can do the modification over DSC transaction with source and destination HR-MSs separately but with certain order. 

In case bandwidth allocated to the direct communication link will be increased, the HR-BS should finish the transaction with destination HR-MS first and followed by the DSC transaction with source HR-MS. 
In case bandwidth allocated to the direct communication link will be reduced, the HR-BS should finish the transaction with source HR-MS first and followed by the DSC transaction with destination HR-MS.  
17.2.2.4.2.5 Dynamic Service Deletion
An HR-MS wishing to delete a service flow over HR-MS direct communication link generates a delete request to the HR-BS using a DSD-REQ message. The HR-BS finds the other HR-MS that also associates to the service flow first and then removes the service flow. After that, the HR-BS generates a response using a DSD-RSP message to the HR-MS who sends DSD_REQ. At the same time, the HR-BS also generates DSD-REQ to the other HR-MS who also associates to this service flow. 
A BS wishing to delete a dynamic service flow over HR-MS direct communication link generates two delete requests to the associated HR-MSs respectively using DSD-REQs. The HR-MSs removes the service flows and generate responses using  DSD-RSPs. This process is illustrated in Table xxx. 
17.2.2.4.2.6 Management Messages

17.2.2.4.2.6.1 DSA_REQ

When HR-BS establishes direct communication between the source and destination HR-MSs, the DSA_REQ from HR-BS to the destination HR-MS shall contain a TLV that indicates of direct communication link setting up. 
The TLV for direct communication is defined in 11.13.46. 
17.2.2.4.2.6.2 DSA_RSP

When HR-BS establishes service flow over direct communication between the source and destination HR-MSs setting up direct communication, the DSA_RSP from HR-BS to the source HR-MS shall indicate by a TLV that a direct communication link should be used for the coming flow. 

17.2.2.4.2.6.3 DSA_ACK

After receiving the DSA_ACK from the destination HR-MS, the HR-BS shall send DSA_RSP to the source HR-MS. 
17.2.2.4.2.6.4 DSX_RVD

When setting up a direct communication link between source and destination HR-MSs, HR-BS should set the confirmation code in DSX_RVD to direct-com-setup as defined in table 607. 
10. 1 Global values

Table 554—Parameters and constants
	System 
	Name 
	Time reference 
	Minimum value
	Default value
	Maximum value

	SS
	T74
	Wait for DSA/DSC

acknowldegement timeout in case the flow runs over a direct communication link
	—
	—
	600 ms


11.13 Service flow management encodings
Table 606—Service flow encodings

	Type 
	Parameter

	58
	Direct Communication


Table 607—CC values

	CC 
	Status

	19
	direct-comm-setup


11.13.46
The value of this field specifies that the flow specified in this DSA_REQ will be transmitted over a direct communication link. 

	Type 
	Length 
	Value 
	Scope

	145.58
	1
	0
	DSA_REQ


17.3.2.4 HR-MS Direct Communication with Infrastructure 
17.3.2.4.2 Direct communication service flow management
17.3.2.4.2.1 Direct communication service flow
After a direct communication link has been setup between the source and destination HR-MS, the source HR-MS can setup flows over the direct communication link.  

A direct communication setup protocol is illustrated in Figure xxx and described in detail in 17.3.2.1.2.
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Figure XXX: The establishment of direct communication between HR-MS
When receive AAI-DSA-REQ from HR-MS, if the BS already setup a direct communication link between the source and destination HR-MS and it intends to setup the flow over the direct communication link, then the HR-MS shall send an AAI-DSA_RSP to source HR-MS with CC equals to direct-comm-setup as defined in table 607 and STID of the direct communication link. At the same time, the HR-BS shall send AAI-DSA_REQ to the destination HR-MS with an indication of the direct communication flag and STID of direct communication link as specified in the table 734. The destination HR-MS shall send back a AAI-DSA-RSP with indication of accept/reject of direct communication and the HR-BS sends an AAI-DSA_ACK back to the destination HR-MS. The HR-BS shall send an AAI-DSA-RSP to the source HR-MS with indication of accept/reject of flow setup with indication of type. If direct communication setup is rejected, the flow shall be setup on the uplink in a normal way.   
Table 734.—AAI-DSA-REQ Message Field Description (Insert at the end of table)

	Field 
	Size (bits) 
	Value / Description 
	Conditions

	DC
	2
	00 – normal request

01 – DC request

10, 11 reserved
	When direct communication is turned on

	Reserved
	6
	--
	--

	if (DC == 01) {
	
	
	

	    STID
	12
	STID of the direct communication link
	When direct communication is turned on

	}
	
	
	


17.3.2.4.2.2 Dynamic Service Flow Modification and Deletion

When HR-MS initiates the service flow modification, if the modification increases the resource allocated to a flow over direct communication, then the HR-BS should hold on the transaction with source HR-MS and finish the transaction with destination and then finish the transaction with source. If the modification reduces the resource allocated to a flow, the HR-BS should finish the transaction with source and then finish the transaction with destination.  

When HR-BS initiates the service flow deletion and the target flow is over a direct communication link, it should send AAI-DSD to the two HR-MS respectively. When source/destination HR-MS initiates the service flow deletion and the target flow is over a direct communication link, HR-BS should also send a AAI-DSD to the destination/source HR-MS also.  
 [-------------------------------------------------End of Text Proposal----------------------------------------------------]
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