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1 Introduction 

At RAN2#30 in Turin, UE flow control contributions were presented and discussed. Two areas of concern with the current proposals from Panasonic were identified: the ability to provide flow control for different flows of the UE and increasing the robustness of the flow control mechanism. Contributions were invited that could effectively address the two areas of concern. 

This document will present two alternatives that could be adopted to provide flow-specific flow control and furthermore also provides robustness to the flow control protocol. 

_______________________________________________________________________________________________

2 Flow Specific Control

Flow control must be able to perform selective flow control on the multiple flows destined for the UE. More than one “flow” can be multiplexed in the downlink transmission to the UE and these flows could be of different priority levels or classes from different or same applications. Up to a maximum of eight priorities classes are defined for HSDPA.  Thus, if there is more than one data flow existing for the UE, and buffer occupancy is critical for only one of the flows, flow control that is able to differentiate between these different flows is important in order to maximize system throughput. Accordingly, flow control mechanisms or techniques that do not distinguish between the different priority flows must simultaneously control each of the different priority flows to the UE. In order to enable flow-specific control between the NodeB and the UE, either out-of-band or in-band signalling is needed and are discussed below:

· In-Band Signalling: An in-band downlink signalling field could be defined to signal to the UE a specific flow that will be controlled. A new in-band field in the MAC-hs header could be proposed to signal to the UE the flow that is being controlled by the NodeB.   Since the MAC-hs header is associated with a specific flow or priority class, additional signalling of the flow id is not necessary.   A 1-bit field is sufficient to simply turn ON or OFF the flow control mechanism, but additional bits could be used to provide more functionality such as features to gradually reduce the rate of flow control. In-band signalling  will benefit from the HARQ retransmissions process that, among many of its advantages, also provides robustness at high Doppler.  Furthermore, it benefits from Turbo Coding gain. 

· Out-Of-Band Signalling: Out-of-band signalling carries physical layer, or layer 1- generated messages. These messages, without additional signalling defined therein, are essentially blind to the contents of the data payload.  A new field could be defined in the HS-SCCH to inform the UE of the flow that is being controlled. A 1-bit field to turn ON or OFF flow control can achieve this, in addition to a new 3-bit field to signal the eight different priority flows.  

_______________________________________________________________________________________________

3 Robust Flow Control

In general, uplink signalling consists of transmitting UE feedback to the Node-B in order to request for a reduction of flow rate, for termination of flow, or for the postponement or hold from the Node-B, or the restart of flow from the Node-B to the UE. A UE would send such a request before its application buffer is full to avoid dropping any packet caused by buffer overflow. Errors in the uplink UE requests for flow control may lead to unrecoverable error cases. In HSDPA, where enhancement to the air interface capability is only in the downlink, the uplink is relatively more error prone since no HARQ process and AMC are implemented. The UE can use a higher power on the uplink request. However, it may not be possible to increase the power due to system UE power limitations. Moreover, higher transmit power from the UE will generate more interference, thus affecting the overall uplink capacity for the system. 

Therefore, to provide a robust flow control protocol, acknowledgment messages from the NodeB of the flow control request by the UE can be employed in the downlink to increase the reliability of the flow control mechanism.  Furthermore, the NodeB can also reduce, terminate or hold the data flow to the UE for a predefined time, or until the Node-B receives a restart flow request from the UE [1]. The downlink acknowledgement messages for the flow control request from the UE can be signalled through in-band or out-of-band. These can be implemented as follow:

· In-Band Signalling: The 1-bit field proposed in the MAC-hs header for enabling flow-specific control can be expanded to also provide acknowledgements signalling to the UE. Since the flow control ACKs are sent in the MAC-hs associated with a specific flow or priority class, robustness for the specific flow control is easily achieved without additional signalling of the flow id.

· Out-Of-Band Signalling: The 1-bit field proposed in the HS-SCCH for enabling flow-specific control can be expanded to also provide acknowledgements signalling to the UE. 

_______________________________________________________________________________________________

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, two alternatives to achieve both are provided. The first proposes to add a new field in the MAC-hs header in-band and the second proposed to use the HS-SCCH in the downlink.   Robustness is achieved in both methods via the Node B sending ACKs to the UE flow control requests.

It is therefore proposed that RAN2 considers the two alternatives for the flow control between the NodeB and the UE for HSDPA. Detail schemes on either alternative can be proposed once a decision on the two alternatives has been made.
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