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1 Introduction

Discussions about congestion control at previous RAN 3 meetings have shown the importance of congestion detection and congestion notification for Iub/Iur congestion control. In the present discussion paper we propose to send congestion control information directly instead of sending notification information in the case of HSDPA. As the means for congestion control the flow control frame protocol is used.
2 Discussion

Messages between Node B and CRNC are used for HSDPA Flow Control. The HS-DSCH Capacity Request procedure provides means for the CRNC to request HS-DSCH capacity by indicating the user buffer size in the CRNC for a given priority level.

HS-DSCH Capacity Allocation procedure is generated within the Node B. It may be generated either in response to a HS-DSCH Capacity Request or at any other time.

The Node B may use this message to modify the capacity at any time, irrespective of the reported user buffer status.

The HS-DSCH CAPACITY ALLOCATION frame is used by the Node B to control the user data flow. HS-DSCH Credits IE indicates the number of MAC-d PDUs that the CRNC is allowed to transmit for the MAC-d flow and the associated priority level indicated by the Common Transport Channel Priority Indicator IE.

The Maximum MAC- d PDU length, HS-DSCH Credits, HS-DSCH Interval and HS-DSCH Repetition Period IEs indicates the total amount of capacity granted. Any capacity previously granted is replaced.

The IEs used in the HS-DSCH CAPACITY ALLOCATION Control Frame are the Common Transport Channel Priority Indicator, HS-DSCH Credits, Maximum MAC- d PDU Length, HS-DSCH Interval and the HS-DSCH Repetition Period.
We propose to use the IEs HS-DSCH Credits, HS-DSCH Interval and the HS-DSCH Repetition Period as means useful not only for Frame Control but also for Congestion Control.

3 Flow Control and Congestion Control

3.1 Overview
The proposed solution could be explained according to the Figure 1, where possible implementation is drawn. Flow Control entities in the Node B and in the RNC serve as proposed so far.  A Congestion Detection function is needed in the Node B in order to detect congestion symptoms. Flow Control and Congestion Detection information is led to Congestion Control function. The Congestion Control function will influence Flow Control information only in the case of congestion by using a Congestion Factor. 

Flow Control function sends FC (Flow Control) Capacity Allocation message to the Congestion Control entity. The Congestion Factor will be prepared in the Congestion Control entity and will have impact on the Credit, Interval and Repetition Period IEs. Influenced IEs will be sent to Frame Protocol entity as HS-DSCH Capacity Allocation message. Capacity Allocation message decoded in RNC will influence sending of MAC-d Flows accordingly. 
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Figure 1 Flow Control and Congestion Control for HSDPA
3.2 Capacity Allocation as a means for the Congestion Control
There are many types of congestion control mechanisms, the main groups are window based, rate based or combination of both. The HS-DSCH Credits IE is appropriate for windows based congestion control because it indicates the number of MAC-d PDUs that a CRNC may transmit during one HS-DSCH Interval. Congestion window could be expressed in packets, so the minimum congestion window will be given by Credit of one MAC-d PDU, HS-DSCH Interval 1 and HS-DSCH Repetition Period 1. The size of congestion window will be influenced by congestion control algorithm.

For the rate based congestion control, the rate can be defined as Credit divided by Interval. The sending rate of the MAC-d stream will change depending on the congestion.

3.3 Congestion detection method

The method often used for the congestion detection is the method based on the loss of packets. Other methods appropriate for congestion detection are: packet delay, average queue and rate difference. Any of detected information can be used to prepare Congestion Factor mentioned above. 
3.4 Congestion control algorithms

Several congestion control algorithms exist. ATM ABR against TCP/IP was compared in [1] with the result to use ABR with some changes. The first one is windows based, the second one is rate based congestion control mechanism. 
Probable different congestion control algorithm will be used for IP network and a different one for ATM network. It is known, that in IP network as a congestion control protocol mostly TCP is used, so to ensure fairness and other quality congestion control parameters, TCP like congestion control protocol should be used. TFRC protocol (TCP-Friendly Rate-based congestion Control protocol), as one of the many examples, which intends to compete fairly for bandwidth with TCP flows, could be named.
3.4.1 Example 1: TFRC

Congestion Factor depends on the congestion control algorithm, and on the congestion detection method. By detecting the loss of packets as it is proposed in [2] and using some method to derive RTT, transmit rate could be prepared according to transmit rate formula X=f(s, RTT, p) where s is the packet size in bytes/second, RTT – the round trip time in seconds, p is the loss event rate (based on the packet loss derived from the congestion detection). Details about TFRC see [3]. 
Congestion Factor depends on the computed data rate X. The Credit, Interval and Repetition Period of FC Allocation message will be influenced by computed Congestion Factor in Congestion Control and the message Capacity Allocation with modified IEs will be sent to RNC.
3.4.2 Example 2: “ABR like” congestion control
Transposal of ABR Congestion Control is proposed in [1]. This “ABR like” congestion control has “additive increase, exponential decrease” type of algorithm. Different formulas exist for computing of ACR for increase and for decrease. ACR (Allowed Cell Rate), i.e. current transmission rate in cell/s, should be computed in octets or in number of MAC-d PDUs. Then from the computed ACR according to [1], by a given HS-DSCH Interval, HS-DSCH Credits can be derived, because ACR is equal to Credits divided by Interval. Capacity Allocation message will be sent to RNC. 
4 Proposal

It is proposed that RAN3 discuss and agree that:

· Capacity Allocation message can be used as the means for HSDPA congestion control;
· To include above section into chapter 6.2 of TR 25 902.
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