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Abstract of the contribution: we describe a solution to the (recently proposed to be extended) Key Issue #2 on congestion awareness in UE, based on core NW to UE signalling.
Introduction
In a companion paper we proposed to extend UPCON key issue#2 to congestion awareness in the UE [1]. Also, in previous papers 2] and [3] we have proposed, on a high level, an explicit notification about RAN user plane congestion from core NW to UE, as a functional block within UPCON. We explain here first why this is advantageous, and secondly we describe how it can be done.
Discussion
General

As discussed in [1], the valuable mechanism of traffic offload from 3GPP access to non-3GPP access exists since Rel. 8 and has been continuously refined. It seems most natural to employ it, specifically and in a controlled manner, in case of congestion in the 3GPP RAN. It can be argued that offload is anyway possible, and will happen gradually more, the more 3GPP RAN is under load; but this requires reliable and specific knowledge about the RAN congestion status in the UE. 
Note: indicating RAN UP congestion to UE is a strong hint, but not a strict “command”, as the UE decides still autonomously (considering RAT availability, available policies, configuration data and operating environment) about offload.

Mechanisms for making UE aware of RAN user plane congestion

We see three possible ways to achieve congestion awareness in UE:
1. RAN notifies the UE directly: two variants may be envisaged, (a) explicitly (by new RRC signalling) and (b) implicitly (the eNB inserts ECN bits in the IP data packets).
2. UE determines the congestion status by itself: this may be based on observations like packet loss, delay, achieved data rate, buffer status (in UL). However, we think that whichever information the UE may be able to collect, it would still not be deterministic and specific enough.
3. Core NW notifies the UE explicitly: this assumes that the core NW has this knowledge already (how to achieve this part is discussed in other solutions); this is our preferred option, and we elaborate our respective considerations next.

Distinctive features of explicit notification of user plane congestion status from core NW to UE
The following statements can be made:

The core NW has available subscription information, service information and the overall policy view:

This is a clear differentiation from options 1 and 2; Of course, in option 1 some service specific information is already contained in QCI and this could be enhanced by additional marking. In option 2 the UE could base its decisions only on the own policies, previously provisioned to it.
In contrast, with option 3 the core NW has direct access to subscription data, and it has the intelligence related to services/applications and policies across all UEs; decisions can be made and executed in a highly dynamic manner.
The core NW is able to apply filters, based on the above criteria:

E.g. the core NW may decide to steer only selected UEs for offload to non-3GPP; these may be ones with a “lower” subscription profile, or those using to some extent lower ranked services (like web browsing or youtube video watching).
The core NW is the point of integration with non-3GPP accesses:

The UE can utilize related information (e.g. the fact that for a UE a connection via non-3GPP access is already in place, or that a UE may be capable of establishing it).
This mechanism can be reused for other purposes:

This could be the case if, for operational reasons, the load in the 3GPP RAN should be minimized (e.g. upgrades/migrations/change of equipment imminent). With option 3 a central point of control is possible.
This mechanism can be tailored:

E.g. the level/amount of information can be specified freely, according to the identified needs. With proper design, it can also be made extensible for future needs. This does not seem possible with alternative option 2, and option 1 may have restrictions in this respect.
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Proposal

We propose to add the following in the solution part of TR 23.705:
* * * First Change * * *

6.X
Solution X: Explicit congestion indication from core NW to UE

6.X.1
General description, assumptions, and principles

    Editor’s Note: This sub-clause should identify the key issues addressed by this solution. 

This solution addresses key issue#2, sub-item x. It is based on the assumption that the core NW has already acquired information about the status of RAN user plane congestion.

The solution consists in sending an explicit notification(s) from the core NW to the UE. As a minimum notifications for onset and for abatement of congestion are foreseen; for enhanced operation additional information could be signalled (e.g. level or category of congestion).
6.X.2
High-level operation and procedures

Figure 1 shows the embedding of the congestion indication in the envisaged overall process.


[image: image1]
Figure 1: scheme of RAN user plane congestion notification from core NW to UE
The following steps are executed:

1. The RAN detects user plane congestion. (This step is optional and is described with other solutions.)

2. The RAN informs the core NW about RAN user plane congestion. (This step is described with other solutions.)

3. The core NW evaluates subscription data, applies policies and determines target UEs by e.g. filtering as well as optimal time for notifications to UEs.

4. The core NW sends the notification with RAN user plane congestion status (.e. onset, abatement and/or additional information) to UEs. The detailed signaling mechanism is FFS.

5. The UEs uses the RAN user plane congestion status to decide e.g. about traffic offload to non-3GPP access. (This step is optional and is out of scope of this study and Technical Report.)

Note: the concrete signaling protocol is still to be decided and depends naturally on the chosen solution for congestion awareness of the core NW. One possible choice is S5/S8-S11-NAS.
6.X.3
Impact on existing entities and interfaces
UE:

New or enhanced NAS signalling procedure(s); details depend on the selected signalling mechanism and amount of information representing RAN user plane congestion status.

RAN:

No impact.

Core NW nodes (incl. S5/S8):

FFS (depending on the detailed solution, MME and/or P-GW need enhanced signalling and procedures). 
In order to provide full benefit from dynamic policies e.g.in order to notify only selected UEs, PCRF and related signalling would need to be enhanced (but this is considered to be covered by other solutions).
6.X.4
Solution evaluation

This solution has the following advantages:

1. Reliability and specificity: the awareness about congestion (in terms of timing and reason) can be guaranteed. 
2. Customizable amount of information: the information can be simply a binary value (on/off) or could comprise more information (e.g. level of congestion).

3. Flexibility: can be combined with decisions based on a manifold of policies and subscription data in the core NW.

This solution has the following disadvantages and limitations:

1. An explicit notification of congestion to the UE may not be preferred by some operators. (However, this aspect can be considered in the filtering process by the core NW with the subscriber category, so that high end customers become practically never the target of such notifications.)

2. Pre-Rel. 12 UEs cannot benefit.
* * * End of Changes * * *
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