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Proposed Text Changes for Downlink Flow Control 

Jaroslaw Sydir
Intel Corporation
Problem
P802.16j_D1 does not define a flow control protocol for DL traffic for distributed scheduling. When a relay network operates using the distributed scheduling model, RSs need a mechanism to indicate to the MR-BS their ability to accept DL traffic. An RS receives DL data from the MR-BS. In the distributed scheduling model, the MR-BS schedules these transmissions without regard for channel conditions on links beyond its control.  Temporary reductions in the capacity of the access or relay links controlled by an RS may cause it to accumulate DL packets destined for downstream RSs or MSs. In this situation the RS needs to indicate to the MR-BS that it is temporarily not able to accept DL traffic. When the backlog of packets has been cleared, the RS then indicates to the MR-BS that it is able to accept more packets. It should be noted that this situation occurs on a faster timescale than connection setup/change. It occurs even after the RS has performed proper admission control and resource reservation, so the flow control protocol proposed here is not related to the connection signaling (DS*) messages.
Solution

The proposed remedy is to define an optional flow control protocol which allows the subordinate RS to signal to its superordinate station (the MR-BS or an RS) its ability to accept DL traffic. The proposed flow control protocol is used only for downlink traffic and only in the case of non-transparent RSs with distributed scheduling. The protocol is used independently on each relay link hop (hop-by-hop only). 

We propose a credit-based scheme that is activated when the RS determines that flow control is needed. This is referred to as controlled state. The RS can make this determination based on the occupancy of its buffers or based on its knowledge of the differential between incoming and outgoing data rates. When there is no congestion, the RS indicates to its superordinate that flow control is not active. This state is referred to as uncontrolled state. When in this state, the superordinate is free to send as much data as it wants. When the RS determines that the flow of DL traffic should be controlled, it indicates to its superordinate station the number of bytes that it can safely receive. It is up to the RS to ensure that it sends this indication when it still has enough room in its buffers to receive control traffic as well as delay sensitive (UGS and rtPS) traffic. It is up to the superordinate station to schedule traffic appropriately to ensure that delay sensitive traffic is not held up when flow control is activated by and RS. When the RS determines that it is no longer congested, it sends an indication to its superordinate that the link is no longer subject to flow control. 
Text Proposal
------------------- Proposed Text -----------------------------------------

[Change table 19a in subclause 6.3.2.1.2.2.2 as indicated]
	Extended Type field
	MAC header type
	Reference Figure
	Reference Table

	0
	RS BR header
	XX
	XX

	1
	RS UL_DCH request header
	
	

	2
	Acknowledgement Header
	
	

	3
	HARQ RS error header
	
	

	4
	DL Flow Control Header
	
	

	45-7
	Reserved
	
	


[Insert new subclause 6.3.2.1.2.2.2.5]
The DL Flow Control Header is used to perform DL flow control between an RS and its superordinate RS or MR-BS. This header is sent by an RS to its superordinate RS or MR-BS to report the number of bytes which the RS can receive in the DL direction. See subclause 6.3.30 for the usage of this message.
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Figure 35f – DL Flow Control Header

Table 19f – Description of Fields in DL Flow Control Header

	Name
	Length (bits)
	Description

	Reserved
	2
	Set to 0

	
	
	

	Credit
	8
	Indicates the state of the flow control protocol and number of bytes of DL traffic that the superordinate RS or MR-BS can send to the subordinate RS. 
0 – 254: Flow control is in controlled state. The value indicates the number of bytes of DL traffic that can be safely received according to the following formula: Credit * 256 

255: Flow control is in the uncontrolled state.

	Reserved
	8
	Set to 0

	Basic CID MSB
	8
	MSB of Basic CID of superordinate station. This field is ignored when the superordinate is the MR-BS.

	Basic CID LSB
	8
	LSB of Basic CID of superordinate station. This field is ignored when the superordinate is the MR-BS.

	HCS
	8
	Header Check Sequence 


 [Change contents of table 13c in subclause 6.3.2.2.7 as indicated]

	5
	DL_Flow_Control Subheader
	1 byte
	See section 6.3.2.2.7.x

	
	
	
	

	56-127
	Reserved
	
	


 [Insert new subclause 6.3.2.2.7.x at the end of subclause 6.3.2.2.7]

6.3.2.2.7.x DL_FLow Control Subheader

This subheader is sent by the subordinate RS to the superordinate station (RS or MR-BS) to report the number of bytes which the RS can receive in the DL direction. See subclause 6.3.30 for the usage of this message.

Table xxx – DL_Flow_Control Subheader

	Name
	Size
	Description

	Credit
	8
	Indicates the state of the flow control protocol and number of bytes of DL traffic that the superordinate RS or MR-BS can send to the subordinate RS.
0 – 254: Flow control is in controlled state. The value indicates the number of bytes of DL traffic that can be safely received according to the following formula: Credit * 256 
255: Flow control is in the uncontrolled state. 


[Insert new subclause 6.3.2.2.7.x at the end of subclause 6.3.2.2.7]

 


	
	
	

	
	
	

	
	
	


[Change table 183f in subclause 6.3.3.67 as indicated]
	Syntax
	Size
	Note

	Configuration_para_type
	8 bits
	b5=1: R-amble configuration is included 

b6: DL flow control 

      0 – DL flow control is disabled

      1 – DL flow control is enabled

b6 – b7: Reserved

	
	
	

	
	
	

	
	
	

	
	
	







[Insert new subclause 6.3.6.7.1.3 at the end of subclause 6.3.6.7.1]

6.3.6.7.1.3  Downlink Flow Control In Distributed Mode With Non-Transparent RS
When distributed scheduling is employed in an MR network, the MR-BS may configure individual RSs to send flow control messages to regulate the flow of DL traffic. The MR-BS may configure DL Flow control using the RS_Config-REQ message. Within this message the MR-BS indicates whether DL flow control is enabled or not.
DL flow control operates on a hop-by-hop basis. Each RS for which DL flow control has been enabled sends DL Flow Control messages to its superordinate station. These messages may be used by the superordinate station to determine which data it transmits to the RS. DL flow control messages shall not be forwarded beyond the superordinate station.
The DL flow control protocol operates in one of two states. The first state is called uncontrolled state. In uncontrolled state, the flow of DL traffic is not controlled. The superordinate station is free to send DL traffic without restriction. The second state is called controlled state. In controlled state, the subordinate RS grants credit to the superordiate station specifying the amount of DL traffic that it can safely accept. When flow control is first enabled, it begins in the uncontrolled state.
When DL flow control is enabled within a subordiante RS, the RS shall begin to monitor the flow of DL traffic in order to determine whether it is necessary to control the flow of DL traffic coming into it. When a subordinate RS determines that it is necessary to control the flow of DL data, it shall send a DL Flow control message to its superordinate station indicating the amount of credit that it is granting the superordinate station. The credit is specified as the number of bytes of DL traffic that the RS can safely receive. This message indicates to the subordinate that flow control is transitioning into the controlled state. The superordinate station, upon receiving a DL flow control message which specifies a credit shall limit the amount data that it sends to the subordinate RS to be less than the credit that it was granted. When flow control is in the controlled state, the subordinate RS shall periodically send DL flow control messages to its superordinate station updating the number of bytes of DL traffic that it can safely receive. When the subordinate RS determines that flow control is no longer necessary, it shall send a DL flow control message to the superodinate station with a credit value of 0b11111111, indicating the transition to uncontrolled state. Upon receiving a DL Flow Control message with a credit value of 0b11111111, the superordinate station may go back to sending DL traffic to the subordinate RS in an unrestricted manner. 
The subordinate RS may use either the DL Flow Control Header (see subclause 6.3.2.1.2.2.2.5) or the DL Flow Control Subheader (see subclause  6.3.2.2.7.x) to send a Flow Control Message to its superordinate station. 





------------------- End Proposed Text -----------------------------------------
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