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1. Introduction

At RAN2#27 in Orlando the problem of missing UE flow control for HSDPA was discussed. The problem was generally recognised by other companies. During discussions it was found that already UMTS Release 99 may have a similar problem when not operated in RLC Acknowledged Mode. This was decided that the problem should be studied by other companies whereas contributions were invited for this meeting. 
A UE that is used a modem can have one or several data flows which can be multiplexed over separate interfaces (refer to Figure 1). The document aims at describing the effects of temporal changes in available data rates over these interfaces. Release 99 and Release 5 issues will be discussed separately. Our intention here is merely to identify the problem and hence the need for flow control. 

2.  Description of the Problem

[1] highlights the problem if a UE is connected to UTRAN and is used as a modem to one or more peripheral devices that can have varying data rates. Due to the missing flow control a buffer overflow can occur at higher layer. A radio technology that is commonly applied over the interfaces is Bluetooth. We will further assume that TCP is used as a transport layer protocol between a data network and a peripheral device. It should be noted that the assumptions are made without loss of generality and that the conclusions we shall draw can be applied for other technologies as well (e.g. IrDa or RS 232 instead of Bluetooth and any end-to-end protocol for data transmission other than TCP). 

There are two facts which are of interest when discussing available data rates over Bluetooth. Firstly, the bit rate over a Bluetooth connection is limited within 728 kbps while peak rates over UMTS radio link can be 2 Mbps (Release 99) or even 10 Mbps  (Release 5 HSDPA). Secondly, the instantaneous bit rate of Bluetooth connection can be significantly changed due to external sources of interference (e.g. from WLAN 802.11b).  
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Figure 1: Interconnection of HSDPA UE via Bluetooth 
The problem of unequal average bit rates can be tackled easily. It is sufficient just to set maximum bit rate QoS attribute to an adequate value during RAB establishment and corresponding flow control will be established between RNC and Node B. Channel based scheduling in HSDPA will result in high peak rates  and the UE may operate close to its capabilities during transmission while being idle otherwise. Thus a large amount of higher layer buffer will be needed. If some flow control was applied, UE higher layer buffer could be saved and the problem of buffer overflow would be avoided. The problem has also been recognized in one of the previous contributions to the TSG RAN1 [2]. 

 2.1 Interactions with TCP and UDP traffic
Without any flow control established the UE must discard packets on the higher layer when the buffer occupancy is too high. Thus the packet would be lost even though it had been successfully transmitted and maybe even acknowledged on layer 2. This would lead to the waste of radio resources. The whole TCP packet would need to be retransmitted, whereas the overall delay for lost packets would be increased at least for one TCP round trip time.  

It can be argued that TCP itself can establish 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 interference since it requires at least one round trip time to react. Typical round trip time values are of the order of hundreds of milliseconds. This value could be much higher than the interference duration. 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 hide these short-term disturbances from TCP which would then only react to long-term decrease in Bluetooth capacity.

UDP on the other side is unreliable and unidirectional, thus it can not react on packet losses and will continue dropping packets during buffer overflow.
2.2 The Problem in Release 99  

In  UMTS Release 99, bit rates over radio link and Bluetoth are rather comparable making the problem less critical. 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. The adaptation is fast relative to radio link bit rates considering that the overall delay including Iub delay and RNC processing delay.  If, however, the RLC sublayer is configured to work in unacknowledged (UM) mode, it is not possible to obtain any feedback from the UE. Hence, it is recommended to configure RLC in acknowledged mode in this case.
QoS attributes negotiations over Iu interface and any subsequent Radio Bearer Reconfiguration procedure may not perform well for the case of short-term interference on one of the interfaces since these procedures are carried out by means of slow control plane signalling. If using RLC UM it would probably be preferable to set the maximum and guaranteed bit rate QoS attributes to lower values to avoid buffer overflow. Of course that would also mean the actual data rate will be below the capabilities of the UE and the external devices. A simple solution for UMTS Release 99 may not be possible considering the missing feedback and maintaining backwards compatibility.  

2.3 The Problem in Release 5 HSDPA

The problem becomes far more severe in Release 5 with HSDPA peak bit rates amounting up to 10 Mbps and scheduling performed at Node B. It could happen that large amount of data is lost once the channel is allocated to a UE in favourable channel conditions but with interference impaired Bluetooth connection. Given burstiness of data and fast scheduling capabilities, it is clear that RLC feedback would not be sufficiently fast to control data rate. Due to relatively large delay over Iub interface, it could happen that some additional data have already been scheduled in the Node B before transmitting window size is reduced accordingly and flow control comes into effect. Thus, in HSDPA fast feedback from the UE to Node B is required to solve the problem. Since there is other fast uplink signalling (such as ACK/NACK and Channel Quality Indicator) existing this may be feasible already in Release 5. In [4] we discuss options how the feedback can be incorporated in the uplink signalling on the physical layer.

Conclusion
When flow control is absent, several problems may arise due to instantaneous variations of data rates on interfaces between UE and peripheral devices. Firstly, packets could be lost even though successfully transmitted on layer 2. Secondly, radio resources would be wasted instead for being used for transmission of packets from other data flows.  Further it is shown that TCP flow control is insufficient to tackle short-variations of data rates. 

The effect of a missing UE flow control in UMTS Release 99 and HSDPA has been discussed. In Release 99 it is possible to establish flow control when RLC is configured to work in acknowledged mode. However, with HSDPA the problem is more severe and faster feedback is essential due to the Node B scheduling and the very high peak rates. It is proposed that RAN2 studies considers possible solutions for HSDPA. 
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