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1. Introduction

At RAN2#28 in Kobe the general problem of missing fast UE flow control for the very high peak rates in HSDPA was discussed. A UE that is used a modem can have one or several data flows which can be multiplexed over separate interfaces such as Bluetooth, IrDa or RS232. When flow control is absent, several problems may arise due to instantaneous variations of data rates on interfaces between UE and peripheral devices [1]. 

The problem was generally recognised by other companies, while different methods to cope with problem have been discussed. In [2] a simple solution for an effective UE flow control using the spare CQI value as a STOP command has been proposed, but no agreement has been reached at RAN2#28. During the discussion it was argued that the UE may make use of existing slow RLC flow control in Acknowledged Mode and to use Layer 2 buffer by interlayer interactions. For RLC Unacknowledged Mode there is currently no mean for a slow flow control. Alternatively the UE could also signal a 'bad' Channel Quality Indicator to reduce the data rate it receives. 

This document reviews the available methods to control the data rates received when using HS-DSCH. 

2. Existing Solutions 

2.1 TCP Flow Control 

TCP provides some flow control e.g. by reducing congestion window due to timeouts or duplicate acknowledgements. However, TCP adapts properly to long-term congestion but it is not well suited for short-term variations since it requires at least one round trip time to react. Typical round trip time values are of the order of several hundreds of milliseconds. This value could be much higher than for instance the interference duration experienced by Bluetooth. In this case, the flow control resulting from  reducing the congestion window would be effective some time after the interference has vanished thus reducing the throughput unnecessarily. The usage of  fast flow control would conceal these short-term disturbances from TCP which  would then only react to long-term  decrease in Bluetooth capacity. 

2.2 Increase of higher layer buffer 

It can be argued that for the UE itself the problem could be solved by implementing a sufficient large buffer in the terminal. The buffer would need to be dimensioned for a worst case scenario that may occur quite rarely. 

Besides increasing the UE complexity to an critical amount the absence of faster flow control in case of short-term interference leads to inefficient usage of radio resources. Instead of using the resources for transmitting packets to those UEs that are currently able to deliver them end-to-end, resources are employed for transmitting the packets that will be buffered in the UE for some time.  Depending on interaction with transport layer protocol it could happen that the same packets might be transmitted again or may not be of any use to the application when they are delay critical. It should be noted that the user will still be charged for all the data transmitted. 

2.3 RLC 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 [3], by using Window Size Super Field it can react to these fluctuations. Maximum and minimum values of transmitting window size are given by RRC configuration. When receiving this super field, the transmitting entity will change the window size state variable  VT(WS) of the protocol accordingly. 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)=0, the data flow cannot be completely stopped. The number of packets that can be further sent is given by VT(MS)-VT(A). 

Efficient flow control and scheduling require buffering of MAC-d PDUs. In [4], it was stated that the current size of the credit field in the HSDPA FP frame is not sufficient for HSDPA peak bit rates. With current size of credit field, maximum number of credits is limited to 254. With typical MAC-d PDU size equal to 320 bit (should be larger for HSDPA)  and assuming two way Iub delay of 30ms, the peak data rate between RNC and Node B will be app. 2.7 Mbps. This means that, for services having maximum throughput equal to this rate, efficient flow control requires buffering of  at least 254 MAC-d PDUs in Node B. This roughly corresponds to 15 IP packets, assuming packet size of 1500 byte [8]. It should be noted that [4], that was agreed in principle, calls for larger maximum number of credits and that amount of buffered packets will also be greater. Depending on the specific scheduling strategy that is employed in Node B (e.g. maximum allocation or predictive scheduling), even higher number of packets may be buffered. When existing RLC AM flow control is invoked, no knowledge on that is available in Node B. Consequently, the buffered packets may be scheduled once UE finds itself in favourable channel conditions. 

Generally RLC AM flow control will be slow due to the round trip time via RNC. This will result in a configuration with smaller window sizes and thus with reduced peak rates, which has an negative effect on scheduling efficiency because less packets will be in the Node B. Although this method prevents the UE from dropping packets in RLC AM it will still have negative effects that are identical to those previously described.

Yet another possibility of controlling data rate by RLC AM is to slow down the sending of feedback by increasing Timer Status Prohibit value. This value is contained in RB Information Element and to change it requires initiation of RB Reconfiguration Procedure [5]. Since the procedure is carried out by means of slow RRC signalling it is not elaborated more in more detail.  

When RLC is configured to work in the unacknowledged (UM) mode, there is absolutely no means to impose flow control between UTRAN and UE. It is not sure if RLC UM will be used for very high data rates in the future, still UE buffer will be limited and a simple flow control scheme seems to be needed. Depending on charging scheme the user may or may not care about regular packet drops. 

2.4 Implicit Fast MAC-hs Flow Control  (modifying the CQI) 

This solution requires that the UE sends a CQI that is lower than the one suitable for current channel conditions when the data rate shall be reduced. If it is necessary to stop transmission for a while, an OOR (Out of Range) field can be sent. The disadvantage is that the Node B does not know if the lower CQI is send due to bad channel conditions or due to wish of the UE to decrease its data rate. Thus the transmission format will not be adapted to the channel conditions leading to less efficient use of radio resources.  A differentiation between different multiplexed data flows is not possible with this method. 

Nevertheless without other fast flow control a UE that is not conform to specification (sending a wrong QCI) may have a better performance than a standard conform UE in the situation described. The testing of UEs could also be difficult since the performance for one channel type does not only depend on radio capabilities.

For the UE there are still some uncertainties since the scheduler will most likely perform some CQI averaging and may employ predictive scheduling decreasing the speed of this method. Thus depending also on the CQI reporting frequency a fast restart of a transmission with a high rate may not be possible and the Node B may continuo to transmit with the wrong modulation/coding scheme for some time. 

2.5 Explicit Fast MAC-hs Flow Control (sending STOP CQI) 

Since Node B is the scheduling entity it seems logical to establish a fast feedback from the UE to Node B to solve the described problems. Thus, the Node B scheduler could consider UE buffer and processing capabilities and would be able to react sufficiently fast. 

Current state in RAN1 is that there is a single spare value in the Channel Quality Indicator (CQI) reporting tables. The feedback information could be defined as one single “STOP” value in the CQI table. While a one bit STOP signal seem to be a very basic solution it can not provide a sophisticated Uu flow control per data flow, which may be introduced at a later state. In [3], which seems to be agreed in principle, a variable rate channel quality indication is proposed. A UE would send a CQI each time it detects control information on the HS-SCCH. 

In [6] we propose that a STOP signal is incorporated in the uplink signalling (CQI reporting) on the physical layer, while the decisions for generating and interpreting feedback information fields are made in the MAC-hs sub layer of UE and Node B respectively. Before sending a STOP the UE checks the Queue ID of the MAC-hs header to find out if the affected data has been transmitted. The Node B knows from the timing which Queue shall be suspended. Thus with this method is would be possible to have a simple flow control for different MAC-d flows/priorities with almost no overhead.  

3. Summary

In the following, we summarise the disadvantages of the other methods relative to the method of explicit fast flow control described in section 2.5:  

Transport layer flow control

· well known that TCP does not work efficiently over wireless

Increase of higher layer buffer 

· Increased UE complexity 

· Packets can not be delivered End-to-End 

· retransmissions may follow

· packet may need to be discarded by the application 

· user will be charged for that data

RLC flow control by changing tx window size 

· It is not possible to stop transmission. VT(MS)-VT(A) packets will be send to the UE 

· TCP retransmissions may follow

· packet may need to be discarded by the application 

· user will be charged for that data 

· Slow control that may result in frequent changes of the window size increasing uplink overhead  

· decreased number of packets in Node B results in less efficient scheduling 

· Slow restart if full bandwidth is available again 
· not applicable to RLC UM
Implicit CQI signalling (modifying CQI) 

· data rate of all data flows is reduced 

· less radio efficient due to missing adaptation 

· effectiveness depends on scheduler (e.g. CQI averaging or predictive scheduling could be used) 

4. Conclusion
Given burstiness of interactive traffic and fast scheduling capabilities in HSDPA, it is shown that slow RLC AM flow control is not sufficiently fast to alleviate these problems. For RLC AM it is not possible to stop a data flow on HS-DSCH and for RLC UM there is no mean of a flow control at all. If there is not fast UE flow control the UE manufacturer will have to increase the UE buffer at higher layer and/or may make use of signalling a 'wrong' CQI to reduce the data rate temporarily. Both options are not beneficial from our point of view and can not completely solve the problems as shown. 

As a minimum solution we proposed to include a STOP signal as part of the CQI table to control different MAC-d flows independently [6]. It is proposed to send a Liaison Statement to RAN1 to ask to use the spare CQI value as STOP command.

If a STOP signal per MAC-d flow/priority is not agreeable the UE should be allowed to use implicit CQI signalling, by signalling a lower CQI value then possible under certain conditions. This mechanism should be considered by RAN1 and RAN4 as well to avoid that the UE has to violate the specified behaviour. 
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