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1 Introduction 

The main objective of flow control as pointed out by Panasonic [1] is to avoid data loss due to UE buffer overflow when the application in the UE is unable to process the data as it is received over the HSDPA radio interface. During the discussion in the previous RAN WG2 meeting #31 in Arlanda, Sweden contributions on individual flow-specific flow control were invited for this meeting.  

It is considered advantageous if the flow control could be made selective flow control, i.e. on individual flows of possible multiple flows destined for the UE.  More than one flow can be multiplexed in the downlink transmission to the UE in separate HARQ processes and these flows could be of different priority levels or classes from different or same applications. The ability to differentiate between these different flows and control the flow or flows that have reached critical level of buffer occupancy is advantageous to avoid loss of data [1]. In this document, an in-band flow control that is able to provide robustness as well as flow-specific control is presented.

2 Flow Control Signaling  
2.1 Uplink Flow Control Request

Currently, a single value in the Channel Quality Indicator (CQI) reporting table is left unused. This unused value could be utilised for flow control purposes to carry a specific UE flow control request to ‘STOP’ a particular data transmission for a single flow. 

Table 2: CQI Reporting

	CQI Value
	Meaning

	00000 – 11110
	CQI Values 

	11111
	STOP 


Because the UE could receive from different data flows with different priorities, the flow control STOP must be correctly associated with the correct flow. Since, the CQI ‘STOP’ value is signalled in a time co-ordinated fashion with specific feedback cycle the CQI STOP could be sent to the NodeB after some delay, up to a maximum of 160ms Thus, the association of the CQI STOP with a specific flow would be un-ambiguous at the NodeB. The following section presents downlink acknowledgement signalling to increase the robustness of the flow control request,  and is associated with the individual flows.

2.2 Downlink Flow Control Acknowledgement (FCA) 

The CQI signalling may not be reliable and errors of the CQI could result in flow control requests being missed or alternatively unnecessary flow control requests being activated due to misinterpretation of the CQI value. In addition, in order to provide flow control for different flows, correct association of the STOP command with the flow is needed. Thus, some mechanism is needed to make the CQI more reliable. It is proposed that acknowledgment of the flow control STOP is sent by the NodeB. 

In order to achieve this a zero payload MAC-hs PDU could provide reliability in flow control signalling in the following manner:

1. Flow Specific Control: Acknowledgment for a flow control request for a flow identified by the queue id. Flow control signalling for a specific flow can be sent to the UE. 

2. Flexible Polling: With a zero payload PDU, the NodeB can poll the UE to find out if flow control is still needed in a particular flow or confirm the uplink flow control signalling without having to wait for the specific flow to be scheduled in the downlink transmission.

3. Quick Signalling: Quick signalling to the UE on the flow to be controlled. Otherwise, the acknowledgement can only be sent when the data of same flow is sent to the UE. This quick signalling confirm with the UE the specific flow control signalling.

4. ACK/NACK in UL: The existing ACK/NACK bit in the DPCCH in the uplink can be used by the UE to acknowledgment the FCA to provide additional reliability. 

5. No additional Field in MAC-hs header: By sending a zero payload MAC-hs PDU, 2 bits of the existing SID field in the MAC-hs header can be used to send to Flow control acknowledgement. This therefore does not require additional field to be allocated in the existing MAC-hs header for the flow control mechanism since the frequency for flow control may not be very high.

The FCA as shown in Table 1 is proposed.

Table 1: Flow Control Acknowledgement (FCA)

	Flow Control Ack
	Meaning

	00
	FLOW ACTIVE or NO FLOW CONTROL

	01
	ACK, FLOW #

	10
	POLL, FLOW #

	11
	FLOW STOP


FLOW STOP/ACTIVE: Signals to the UE that flow control is activated/stopped and flow is stopped/resumed 

ACK, FLOW #: An acknowledgment to a STOP flow request from the UE for flow #

POLL, FLOW #: A polling message to the UE to check if flow control is still needed for flow #  

3 An Example 

On reception of the FLOW STOP, the NodeB associates the request with the queue id of the ack/nack signal received at the same time. However, to protect against attempting to control the wrong flow or misinterpretation of the CQI ‘STOP’ indication, the NodeB then sends a zero payload MAC-hs PDU to the same queue id with the Flow Control Acknowledge (FCA) set to ‘01’ i.e. ACK, FLOW#. The UE then responds to this with the UL DPCCH ACK signal (as indicated in the UL signalling section). The NodeB on receiving the UE response to the DL FCA indication can now confidently suspend messages for the single flow identified with the queue id used to convey the messages In order to re-establish traffic on a flow the network may use a (OAM configurable) timer to initiate polling of the UE to request indication from the UE regarding the ability of the UE to receive new/retransmitted dated on this flow. If the UE responds with a STOP in the CQI value then the flow is still suspended. Alternatively if the CQI indicates a valid CQI value, in response to the POLL command by the NodeB for a specific FLOW, the NodeB will sends a FLOW ACTIVE command to the UE to confirm that flow control has been terminated for the specific flow and the resumption of data transfer to this flow to the UE when the particular flow is next scheduled.  
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Figure 1: NodeB Control Flow
_______________________________________________________________________________________

4 Conclusions

While the implementation of UE flow control is generally agreed to be a needed enhancement, the need for providing flow control for individual flows and increasing the robustness of the flow control mechanism needs to be addressed. In this document, a reliable flow control using in-band UL and DL signalling is proposed. A summary of the proposal is provided below:

· Different interpretation of the first 2 bits of the SID field. A 2-bit Flow Control Ack (FCA) is in place of the SID 3-bit field in the MAC-hs header

· 1 value of the CQI reporting is used for flow control STOP command 

· Robustness is obtained through 2-way acknowledgements of the flow control messages. Ambiguity in the association of a flow control request with a flow id is resolved

As illustrated in this proposal flow control per flow is possible and reliable, and as such a CR for flow control based on the mechanism presented on this proposal could be brought to the next meeting to enable flow specific flow control.

As an alternative, downlink signalling mechanism using the HS-SCCH as proposed in [2] & [3] could also be used instead of the proposed zero payload PDU. 
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