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1. Introduction

R2-081062 proposes MAC layer flow control for LTE. We agree that there is a need for DL flow control to prevent buffer overflow in the UE without requiring the UE to be over-dimensioned.  We support the proposal [1] to implement flow control at the MAC layer. 
In further consideration of the scenarios where flow control is required, we identified a scenario where the proposed MAC flow control mechanism does not fully address the problem.

In this contribution, we discuss the flow startup scenario, and propose a solution based on new capability parameters to establish an initial value for the flow.
2. Discussion

2.1. Background

As described in [1], there are several cases where a UE cannot handle the peak requirements of application processing and downlink data processing. In these cases, flow control is helpful. This contribution considers the case where a high data rate downlink flow is beginning. 

In a system with multiple processors, the link between the processor supporting the protocol stack and the processor supporting the application consuming the data may have a high initial latency. This inter-processor link may be internal to the UE or external between the UE and another device. One example of a high latency bus is USB, where the combination of USB polling and host operating system response can result in 100s of mS of delay before data transfer begins.
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Figure 1 - No Flow Control: 150Mbps DL, 120mS USB latency, 1Mbyte buffer

If the downlink data flow begins at the full rate specified in the UE capabilities, buffers may overflow before the inter-processor link latency has completed.  A 150Mbps flow corresponds to 19.2K bytes per mS, which would overflow a 128K byte buffer in less than 7mS. 
Flow control alone does not always solve the problem, because the combined delays in the RACH procedure and scheduling an uplink message can still result in a buffer overflow.
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Figure 2 - With Flow Control and 60mS delay in sending first flow control message on UL.
2.2. Potential Solutions

Building on the MAC layer flow control solution proposed in [1], we propose the addition of a UE capability parameter that defines the percentage of the Maximum number of DL-SCH transport block bits received within a TTI at the start of the downlink flow. The UE could signal the end of the reduced rate using the MAC flow control mechanism. 
At RAN2 #61 during the discussion of [1], concerns were expressed that flow control would enable a UE to represent itself as a higher category than it can actually support. To address this concern, and further reduce the need for flow control signalling, we propose an additional UE capability parameter that defines the maximum duration of the initial flow control percentage. This value would be provided by the UE to cover the internal connection latency plus some margin. A maximum allowed value such as 750mS would be specified. The UE could choose to signal to end the flow control signalling using the mechanisms defined in [1], or simply wait for the expiration of the timer that is counting down the initial flow control duration parameter.
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Figure 3 - With Initial Flow Parameter = 33% (50 Mbps), Initial Flow Duration 200mS.

3. Conclusion

We believe we should standardise a flow control mechanism in LTE. We propose additional mechanisms to handle the case of internal latency that results in a need for a transient flow control condition at the start of new flow.
Proposal 1: Agree that an initial rate of DL flow control is needed in LTE to avoid signalling during the start-up latency. The initial flow rate is defined by a new UE capability parameter.

Proposal 2: Agree that the initial reduced flow rate state described in Proposal 1 has a maximum duration. This maximum duration of the reduced flow is defined by a second new UE capability parameter. The value of this parameter is provided by the UE. The standard will specify an upper bound (such as 750mS) that the value shall not exceed.
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