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Introduction

The problem of congestion on Iub/Iur in case of E-DCH was reflected at the past meetings. General guidelines on any new Congestion Control with some directions are given in [1] and a proposal for congestion detection with the discussion about the congestion control on the user-plane, NBAP/RNSAP or RRC level can be found in [2]. 

In this contribution, we propose to make a congestion control on resources which are of lower priority. The corresponding scheme comprises the possibility to appoint the resources (transport bearers) which are subject to congestion control. In this way only part of the network resources are congestion controlled, less control traffic is generated and transport bearers with the higher priority by careful engineering would not be influenced neither by congestion, nor by congestion control overhead signals.

Discussion 

Congestion could be solved in advance as it is done in reservation-oriented networks or reactively as in reservation-less networks, which is believed to be the preferred solution because resources are not underutilized. (Reservation oriented networks are also named open loop networks.) For closed loop networks, called also reservation-less networks, control has to be reactive and needs activities like:

· Congestion detection;

· Conveyance of congestion information from source to destination;

· Congestion control with implicit or explicit signaling (credit based or rate based).

The principle of the closed loop congestion control is depicted in Figure 1. Congestion detection is based either on packet-delay measurement or on the number of dropped packets. 
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Figure 1: Closed loop congestion control

Implicit congestion control can use RTT as congestion detection. Explicit congestion control, or, better to say: congestion avoidance, may be performed by indicating a receiving window size, which is changed by the destination and provided  to the source within an ACK. One drawback of this explicit signaling method is the necessary signaling overhead. Other methods are e.g. credit based signaling or directly indicate the allowed datarate.

The E-DCH Frame Protocol is used for transport of MAC-es PDUs across Iub and Iur interface from NodeB to SRNC. As none of the transport options provides congestion control functionality it needs to be provided by higher layers, i.e. the RNL. 

Congestion could occur in transport network so packet delays will increase. For introducing a feedback, a DL transport bearer is needed. The scheme for congestion control is depicted in Figure 2. The same mechanism is used for every transport bearer (see also Figure 5). One could call the described solution „per MAC-d flow congestion control“. 
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Figure 2: Congestion control architecture on FP level

The general situation where only part of the traffic will be under congestion control is shown in Figure 3. Let’s suppose that the network will be modeled as the server with the queue, a service time of the server is 1 ms, the type of modeled network is M/M/1. Arrival rate of the Input Packets 1 will be constant with a given load 70%, 50% and 10%, Input Packets 2 will be regulated from the minimum of about 5% to the maximum so that the sum of loads of both input packets will be near 100%. For such situation the mean delays of the output packets are calculated and plot in the Figure 4.
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Figure 3: Regulated and non regulated parts of network

The load of regulated part of the network is given on the x-axis, the load of the non regulated part is constant. The delay of output packets is on y-axis. 

Assuming a non regulated part of 50%, and a delay requirement of 20ms, the 0.5 graph shows that congestion control should limit the regulated traffic down to 45% in order to reach the delay requirement. 

The scheme with regulated and non regulated parts of network could be used in two different ways:

· E-DCH or part of them, will be regulated, UL DCH not regulated;

· Only part of E-DCH and UL DCH will be regulated, the other part of channels will not be regulated.

As a – in our view: necessary – extension of this scheme, an indication provided on RNL could mark those transport bearers which should be under congestion control at setup.
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Figure 4: Packet delay of the mixed network with constant load of non regulated part

The situation where the TNL Congestion Control IE is set for some E-DCH and one DCH is shown in the Figure 5. As mentioned already above, a precondition of any congestion control mechanism which is based on feedback is the existence of a transport bearer in the reverse direction (DL in case of E-DCH). 
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Figure 5: TNL Congestion Control IE set by some transport bearers

The situation described in the previous figure was prepared for common controlling and serving RNC. There are two separate transport networks in the case of the separate controlling and serving RNCs from Frame Protocol point of view. The architecture is shown in Figure 6.
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Figure 6: Iub/Iur Transport Network Architecture

Frame protocol entities responsible for congestion control are in NodeB (source) and in SRNC (destination). So any kind of congestion observation in SRNC will take into account the situation on both, the Iur and Iub network resources, even if problems are expected on Iub only. To our understanding it would make much sense to place the “congestion observer” in the DRNC, as the SRNC needs to be informed in any case.

Note: It can be expected that transport resources will be grouped into QoS classes (e.g. Diffserv) and that congestion control will start to act on the lowest QoS class and continue to act on the next higher class, dependent on the success of related measures. However, this is regarded as being purely implementation specific. 

A detailed architecture for E-DCH and UL DCH for separate Controlling and Serving RNC is in the Figure 7.  X in XFP stands for DCH UL or E-DCH. End entities from congestion control point of view are in NodeB (Source XFP) and in SRNC (Destination XFP).
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Figure 7:
DCH UL FP and E-DCH FP: Termination Points of Congestion Control in CRNC/SRNC case (Terminating entities marked in red)

By establishment or reconfiguration of radio links for EDCH or DCH, transport bearer can be set with a parameter defining whether congestion control will be applied or not. The methods for congestion control (time stamp, dropped packet counter, etc.)  may be subject for discussion on other papers.

Proposal

We propose:

-  to use selective congestion control for EDCH and UL DCH.

-  to define the new TNL Congestion control IE in NBAP and RNSAP.
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