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Introduction

In a companion paper S2-130402 [1] several questions related to key issues currently captured in TR 23.705 [2] are discussed: congestion awareness, congestion detection, congestion indication, congestion mitigation. It also proposes some basic principles for congestion management based on congestion indication conveyed from the RAN to the Core Network (CN) and service information from CN to RAN for RAN-based congestion mitigation; we expect that a major part of targeted use cases/requirements can be solved in such a way, also fulfilling operators’ needs for policy control.  

However, we envisage scenarios where it could be quite beneficial to involve also the UE in congestion management. This seems to be particularly valuable for use cases where congestion builds up over a longer term (e.g. in the order of minutes) and in order to enable traffic offloading to alternative RATs. Thus the thwo issues discussed here are:

· temporal behaviour of (longer-lived) congestion;
· UE involvement in congestion management.

Discussion
Temporal behavior of (longer-lived) congestion
TR 22.805 [3] acknowledges that, at the time of SA1’s study, current and healthy networks experienced a relevant amount of congestion with duration in the order of minutes or more. One should take into account that this observation lies in the past, where quite likely a concept of over-dimensioning could still be applied. But network usage is increasing dramatically, which means that resources may be driven more into congestion, and overall mitigation on the short time range is not enough anymore. 
Apart from that we like to take more into account exceptional cases like emergency, not necessarily already with damaging impact on the mobile network infrastructure (examples: power blackout or imminent tornado approach); one can expect that in such a situation the load on resources will change on the same scale of time as people’s activity, i.e. in (tens of) minutes.   

Thus we should discuss a concept where congestion is not handled as a binary state (on/off) but in temporal phases. It is assumed that such an overall view of a congestion situation is constructed by intelligence in the core network, aggregated from various sources. A schematic view of onset and abatement of congestion, with an exemplary structuring into phases/levels, is given in figure 1. 
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 Figure 1: Temporal behavior of (longer-lived) congestion
UE involvement in congestion management

In light of figure 1, we propose to include the UE in user plane congestion management in a timely manner (e.g. in phases 2/3 and 6/7), re-using already existing functionality in order to counter against build-up of congestion.

The UE, as the ultimate source/sink of user plane traffic, has some decision autonomy and options how to deal with congestion. This is shown in figure 2 in an overview manner. It is thus suggested that policy information for congestion mitigation (e.g. for traffic offloading) will be conveyed from the CN to the UE already before the congestion occurs, and that the UE uses this information as input once the overall network congestion situation reaches a certain threshold to enforce the mitigation policies. 

Steps 1 to 3 are explained in the cited companion paper.

In step step 4a the CN determines parameters (targeted UEs, trigger times for UE involvement, optionally support information like severity/phase of congestion) to be communicated to the UE(s).

In step 4b a message is sent to the UE(s) to trigger congestion mitigation measures, optionally together with the mentioned support information.
In Step 4c the UE uses the trigger message together with the received support information to autonomously determine its best measures to (contribute to) congestion mitigation.
Note that at this point we do not limit the options to a particular interface, but it is obvious that S14 and a concatenation of S5 and S1-MME are existing ones. With the former the latency associated with the underlying protocol design has to be taken into account; the latter may be seen as quasi real-time. However, for both cases the decision and processing by the UE as well as the effect on the congested RAN cannot be assumed with low latency/real-time. So this type of control is ideally suited for the “early” phases of congestion build-up (and correspondingly, in the “opposite” direction, at abatement of congestion).
Clearly, when the status goes back after congestion to normal (phases 6/7), the reverse actions need to be taken.

[image: image2] Figure 2: involvement of UE in user plane congestion management (overview)
Congestion mitigation with collaboration of the UE has the following advantages:

· depending on the UE capability and radio conditions, alternative paths for user plane traffic may be used, relieving the 3GPP radio and possibly backhaul entirely;

· base functionality is well defined (e.g. ANDSF, multi-RAT mobility), so that only small enhancements are necessary;
Congestion mitigation with collaboration of the UE has the following limitations:

· operators may not want to exhibit congestion status directly to UEs (i.e., to users);

· decisions and reconfiguration of UE’s connectivity (e.g. installation of alternative traffic paths) introduce some latency (still suitable for longer-lived user plane congestion situations).
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