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In the RAN WG1 and WG2 joint meeting in Orlando, contributions were invited on the UTRAN-UE flow control issue. The main motivation for flow control as pointed out by Panasonic in [1] is to avoid the loss of data due to UE buffer overflow when the application in the UE is unable to process the data as fast as is received over the HSDPA radio link. 

The HSDPA uses channel quality sensitive scheduling to improve system capacity. A large amount of data can be sent to the UE within a short period of time during good channel conditions. In order to make best use of the fast scheduling, all the data for the UE needs to be available at MAC-hs in Node-B at the time of scheduling.  This can be achieved by forwarding the data to the Node-B as soon as it is available in the RNC.

There is a companion flow control function in MAC-hs to the flow control function in the MAC-c/sh in case of Configuration with MAC-c/sh and MAC-d in case of Configuration without MAC-c/sh. Both entities together provide a controlled data flow between the MAC-c/sh and the MAC-hs (Configuration with MAC-c/sh) or the MAC-d and MAC-hs (Configuration without MAC-c/sh). This flow control tries to insure that buffer overflow does not happen in the Node-B. However, there is no mechanism currently defined that insures that buffer overflow does not happen in UE.

NodeB-UE Flow control 

In order to enable flow control between the Node-B and the UE, some sort of flow control signalling is needed. A simple approach would be to use the existing HSDPA signalling for flow control. The HSDPA uplink signalling consists of TFRC and ACK/NACK signalling and HS-SCCH is used for DL signalling. For example, Panasonic proposed to reserve some TFRC values to signal the Node-B when flow control needs to be enabled. This mechanism will provide faster flow control response directly between the Node-B and UE. However, the TFRC signalling may not be reliable and errors of TFRC can lead to undesirable error cases.  Therefore, some mechanism is needed to make this signalling reliable. Some possible ways of making this signalling more reliable are discussed below:

· The UE can use a higher power for TFRC signalling on HS-DPCCH. However in some cases, it may not be possible to increase the power on TFRC due to UE power limitations.  Moreover, higher power on HS-DPCCH will generate more interference thus affecting the overall UL capacity.

· Acknowledgment of the flow control TFRC by Node-B. The Node-B can acknowledge the flow control TFRC by sending a HS-SCCH message with “zero” transport block size indication. Another possibility would be to use a fast signalling message to ACK the flow control command. With the fast signalling, it is possible to signal the other flow control related information to the UE. 

In this paper we discuss the second method because it can provide a reliable flow control without compromising the system capacity. A 5-bit CQI field on HS-DPCCH is used by the UE to indicate recommended transport format (TFRC) to the Node-B. The 32 values with 5-bit indication can be divided into TFRC indication and flow control commands. In the example shown in Table 1, 29 values are reserved for TFRC indication while three values for flow control commands. 

Table 1 TFRC values

TFRC value
Meaning

‘00000’ to ‘11100’
TFRC (29 values)

‘11101’
Flow control command - STOP

‘11110’
Flow control command - HOLD

‘11111’
Flow control command - START

The three flow control commands are STOP, HOLD and START. The STOP command is sent from the UE to the node-B when the UE does not want to receive any more data from the Node-B. On receiving the STOP command, node-B will stop transmission to the UE. In order to make the flow control procedure reliable, mobile station will keep on sending the STOP command until it receives a confirmation from the Node-B. The confirmation from the node-B can be sent as a fast signalling message on the HS-SCCH [2].

An example of the flow control protocol is shown in Figure 1. The commands 1 and 2 are normal TFRC transmissions from the UE to the Node-B when the flow control is not needed. At time t1, UE detects the need for flow control. The flow control can be triggered by various events in the UE, such as buffer overflow, buffer size reaching a certain threshold etc. After the flow control is triggered, UE sends a STOP (3) command to the Node-B. In order to make sure that the STOP command is reliably detected by the Node-B, UE can repeat the STOP command in the subsequent opportunities for CQI transmission. In the example shown in Figure 1, UE repeats the STOP command once (4) and stop sending the STOP command after receiving the ACK-STOP message from the Node-B. After receiving the ACK-STOP message from the Node-B, UE transitions from RECEIVE to SUSPEND state. The UE also acknowledges the ACK-STOP message by sending an ACK on the HS-DPCCH. The Node-B transitions from TRANSMIT to SUSPEND state after receiving the ACK from the UE. . If no ACK is received from the UE, Node-B can repeat the ACK-STOP message. During the SUSPEND state, UE can send HOLD commands during its regular opportunities to transmit CQI in order to indicate to the Node-B that it still wants the Node-B to keep transmission suspended.
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Figure 1 Node-B-UE data flow control procedure

When the UE is ready to receive data from the Node-B, it sends a START (9) command to the Node-B. The START command can also be acknowledged by the Node-B by sending an ACK-START (11) command. Similar to ACK-STOP, ACK-START can be sent on the HS-SCCH by using a fast signalling message. After receiving the ACK-START command, UE acknowledges the ACK-START message and can start sending the regular TFRC (12 and 13) on HS-DPCCH. After receiving the regular TFRC, Node-B can perform data transmission (14) to the UE.

The proposed scheme can be enhanced for the cases when the transmission from the Node-B is not completely suspended but limited to a certain maximum data rate. This can, for example, be achieved by defining a minimum data rate at which the Node-B can send data in the case when flow control is enabled. The Node-B can then ensure through scheduling and data rate selection that the overall rate seen by the UE does not exceed this data rate. This minimum data rate can be a RRC parameter. Another way of achieving this kind of rate control is by providing more flow control command definitions of TFRC fields. Using these commands, UE can indicate to the Node-B to limit the transmission rate up to a certain maximum rate. 

Conclusions
A flow control between Node-B and the UE provide the fast response in order to avoid UE buffer overflow in cases when the HSDPA radio link data rate is higher than the application in the UE can process it. A reliable flow control scheme using the UL and DL signalling channels already available for HSDPA is described. The flow control command from the UE can use the CQI field of HS-DPCCH and Node-B can acknowledge this command by sending a fast signalling message on HS-SCCH.
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Appendix

An example of the Node-B flow control algorithm is illustrated by a flow chart in Figure 2. The Node-B flow control protocol state machine moves from the TRANSMIT state to the SUSPEND state if it receives K continuous STOP commands from the UE. Similarly, the Node-B state machine transitions from the SUSPEND state the TRANSMIT state after receiving L continuous START commands. The Node-B can also start transition from the SUSPEND state to the TRANSMIT state by performing a valid HS-SCCH transmission. The transition will take place when an ACK is received from the UE for the HS-SCCH transmission. Note that some data can also be sent with the HS-SCCH transmission.


[image: image2.wmf] 

Decode HS

-

DPCCH

 

TFRC?

 

Y

 

i = 0

 

STOP?

 

Y

 

i = i+1

 

N

 

Discard TFRC

 

Set i = 0

 

i = K?

 

Y

 

N

 

Decode HS

-

DPCCH

 

HOLD?

 

Y

 

START?

 

Y

 

i = i+1

 

N

 

Discard TFRC

 

Set i = 0

 

i = L?

 

N

 

i = 0

 

Y

 

i = 0

 

TRANSMIT

 

SUSPEND

 

SUSPEND

 

Send ACK

-

STOP

 

ACK?

 

Y

 

N

 

TRANSMIT

 

Send ACK

-

START

 

ACK?

 

Y

 

N

 


Figure 2 Node-B flow control procedure

An example of the UE flow control procedure is illustrated by flow chart in Figure 3.
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Figure 3 UE flow control procedure
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