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Introduction

The function of flow control on the LTE air interface in the scenario wherein the terminal is connected by means of another wireless interface (e.g. Bluetooth) to a peripheral device (e.g. laptop or PDA) has been examined in more details in one of the contributions to the RAN2#59 meeting [1].   The document proposes to support flow control mechanism in EUTRA that is triggered by the UE transmitting a MAC control message to the network indicating to lower the rate of data transmission irrespective of the CQI indicating good channel conditions.  The purpose of this contribution is to investigate pros and cons of different possibilities for exerting flow control in this scenario. Firstly, the mechanism, advantages and performance shortcomings of the TCP-based flow control are outlined. These are followed by the similar type of analysis for RLC flow control. After considering pros and cons of each mechanism, L2 (MAC scheduler) –based flow control is explained in details and we propose it as the most feasible solution. 

TCP-based Flow Control 

TCP protocol is capable of providing flow control e.g. by reducing congestion window due to time outs or duplicate acknowledgements [2]. However, TCP adapts properly to long-term congestion but it is not well suited to short-term capacity fluctuations since the TCP flow control algorithms require at least one round trip time to react. Typical round trip times are of the order of several tens of miliseconds while radio channel between the terminal and a peripheral device can vary on as small time scale. In this case, the flow control resulting from reduction of TCP congestion window would be effective some time after the negative changes in wireless interface between the terminal and a peripheral device have disappeared thus reducing the throughput unnecessarily. The usage of sufficiently fast MAC flow control would conceal short-term channel variations from TCP flow control that would then react only to short-term decrease in the capacity of the wireless link between the terminal and a peripheral device.

An alternative to TCP flow control – increase of higher layer buffer size 

Instead of employing TCP flow control, higher layer buffer size could be increased in order to compensate for decreased capacity of a wireless link towards a peripheral device. This may, however, increase the terminal price and introduce complexity. 
RRC-based Flow Control

In the reference paper [1], flow control by means of RRC “modified capability” messaging had been discussed. Namely, an RRC message would inform the terminal that a lower memory size is applicable for a temporary duration corresponding to the duration of worsening condition of a channel towards a peripheral device. Given that several layers are affected by this method and that signalling delay (roughly equal to several tens of milliseconds) may exceed the duration for which conditions of a channel towards the peripheral device are substantially degraded. 

RLC-based Flow Control 

If RLC protocol is configured to work in acknowledged mode (AM), several types of flow control can be used in the scenario described at the beginning of this document. 

RLC Window-based flow control 

Flow control between UE and RNC can be established if RLC sublayer is configured to work in acknowledged mode since receiver is allowed to change the transmitting window size during the connection. Maximum transmitting window size is given by RRC configuration (e.g. UMTS RADIO BEARER (RE)CONFIGURATION message). When receiving the RLC Control PDU, the transmitting entity will change the window size state variable VT (WS) of the protocol accordingly, by setting its value to the value contained in the RLC Control PDU (the Window Size Super Field RLC control PDU in UMTS).  

In LTE stage III work still a possibility is considered that RLC Control PDU is not be used in changing the value of transmitting window size. This would contribute to simplification of RLC and decrease of overhead given that RLC exerts flow control per MAC flow whereas MAC Flow Control (please refer to the section below) exerts flow control for all flows. In the further text it will be assumed that changing maximum transmitting window size by RRC signalling is not necessary and that RLC Control PDU still can be used for flow control. The assumption is made without loosing generality of further exposition, from delay performance point of view.  This means that, after one or several packets are acknowledged, the maximum send state variable will be updated according to the equation

                                                              VT (MS)=VT (A)+VT (WS), 

where VT(A) is the sequence number of the next in-sequence PDU expected to be acknowledged. It should be noted that, even for the most extreme setting VT (WS)=1, the data flow cannot be completely stopped. The number of packets that can be further sent for the first time is given by VT (MS)-VT (A) (without the packets that should be retransmitted) representing the number of “on-the-fly” packets. 

RLC Flow Control based on regulation of the feedback loop delay by Timer Status Prohibit 

The value of Timer_Status_Prohibit may be used to prevent RLC feedback from being sent during a time interval determined by the value of the timer. Hence, if the value of the Timer_Status_Prohibit is increased, the feedback loop delay increases thus leading to the lower values of uplink throughput. This can be exploited once the capacity of the wireless link between the terminal and a peripheral device decreases to decrease the throughput of the wireless link between eNB and the terminal.  

However, as the value of the Timer_Status_Prohibit may be changed by RRC signalling, the delay for this type of flow control is slow as similar to the delay of RRC-based flow control.  

MAC Flow Control  

MAC Flow Control and Related Signalling

MAC Scheduler can conduct flow control itself by assigning smaller amount of resources / smaller modulation and coding formats to the terminal connected to a peripheral device over the PDCCH channel. To initiate this type of decisions, the scheduler shall receive some feedback information from the terminal either by means of MAC Control PDU or by means of PUCCH channel. Given that the signalling by MAC Control PDU may have larger delay due to scheduling delay and possible HARQ retransmissions, preferably PUCCH channel is used. In MAC based flow control, all flows are controlled. Therefore, we may need special care for the control signalling like RRC message although it is located in MAC.

Structure of the Uplink Feedback Channel 

According to current RAN1 discussions, uplink feedback on channel quality information (CQI) may be sent on the uplink feedback channel PUCCH. During the RAN1#49 meeting, it was discussed  that one CQI code point can be dimensioned to consist of 10 coded bits or 5 information bits. For the purpose of basic flow control, it is sufficient that only 1 CQI code point is reserved. Following design guideline that the number of information bits for CQI should generally be saved, it is proposed to introduce at most yet another CQI value for the purpose of flow control, as in the table given below. 

	CQI
	Data Rate Reduction
	CQI Index

	TFRC-W
	Wait
	30

	TFRC-R1
	Decrease amount of RBs for the value R1 relative to the previous scheduling interval
	31


An alternative to assigning a specific set of CQI values for flow control – related signalling would be to allow to the terminal to send CQI reports about channel values that are worse than in reality once there is a need for flow control. In this case however, testing of a terminal would be more complicated and scheduling decisions may be mislead. 

Various types of Flow Control – Summary 

In the following we will summarise described types of flow control from the perspective of delay and from the perspective of the influence on specification. 

	Type of flow control
	Estimated delay
	Influence on specification

	TCP-based flow control 
	Several tens of milliseconds, but still significantly larger relative to delays corresponding to other types of flow control 
	None

	RRC-based flow control 
	Longer than RLC based flow control.
	Introduction of  a new RRC message, NAS-RRC interaction 

	RLC-based flow control 
	Longer than MAC based flow control 
	NAS-AS interaction

	MAC-based flow control 
	Several miliseconds

	Reservation of at least one code point in CQI transmitted on PUCCH required, NAS-AS interaction or MAC control PDU
 


It is generally assumed that TCP flow control delay is too large for effective flow control and that the basic selection criterion should be delay since the mechanism should be functioning in all circumstances.  As for the influence on the specification, all the methods modifying LTE system are considered to cause nearly equal changes. Hence, it is reasonable that MAC-based flow control is adopted as the preferable flow control solution. 

Conclusions
Different ways of realising flow control in a scenario wherein a terminal is connected to a peripheral device by means of another wireless interface have been analysed. It is proposed that RAN2 discuss the issue of flow control and agree upon the need for MAC-based flow control. Should RAN2 decide that feedback signalling by means of MAC Control PDU is sufficient, further work upon the issue can continue within the group. Should, however, RAN2 decide on MAC-based  flow control by means of CQI feedback, which is a preference of Panasonic, RAN1 should be liaised to check the feasibility of proposed solution (reserving at least one code point out of assumed 32 existing CQI code points.)
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Appendix 1: Node B – UE Flow Control Procedure

In this appendix, it is intended to describe most appropriate network implementation supporting UE Flow Control Procedure. For the explanatory purpose, it is assumed that the simplest flow control signalling supported by a single reserved CQI point is implemented in the system. 

The base station can operate in the two different states: transmit/receive state and suspend state, with the transition from the former to the latter being triggered by reception of the standardised CQI code point. After having received flow control signal, the base station can wait for a while (as specified by a timer) and can start ‘probing’ the bandwidth until it is sure that the congestion of the interface towards a peripheral device has ceased. Exact terminal behaviour and network implementation may be subject to further discussion, but for the purpose of the illustration below following has been assumed. 

A reasonable implementation of eNode B scheduler obeys the UE Flow Control Request (as transmitted by means of a CQI signal containing ‘TFRC-W’ code point. After having sent said Flow Control Request, the terminal may continue sending reserved CQI values even during “SUSPEND STATE” at the base station, i.e. even during the timer is active. This implies that, in this scenario, no timer value has to be signalled to the Node B. 
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� It should be noted that MAC-based flow control with CQI feedback still has smaller feedback delay relative to MAC-based flow control with feedback by means of MAC Control PDU. 
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