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Abstract of the contribution: This contribution deals with efficiency aspects of transporting RAN user plane congestion information in GTP-U headers.
Introduction

In SA2#97 the question of efficiency/performance impact for the solution with GTP-U piggy-packing has been brought up. In this contribution we analyse in more detail the envisaged packet processing and derive several conclusions.
Discussion

In TR 23.705, solution 2 (“RAN User Plane congestion awareness by GTP-U extension”) describes the piggy-packing of RCI onto uplink packets by virtue of GTP-U header extensions.

Current packet processing in P-GW can be visualized as shown in Figure 1. Already with the current P-GW/PCEF functionality, we can differentiate between user-plane and control-plane processing and interactions between them:

1) Genuine packet processing plane; in more detail: 

· upon receipt of an UL packet, the GTP-u header must be analysed (e.g. for charging purposes);

· E.g. for charging purposes, per bearer volume counters need to be updated.

· the GTP packet header is stripped off;

· the packet is forwarded on the corresponding egress interface. 
2) Interaction with the control plane (policy enforcement, event reporting, etc.);
· E.g. if a volume charging threshold is crossed, an interaction with the control plane process of the GW is triggered, such that an event report to the PCRF can be sent
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Figure 1: Current packet processing in P-GW/PCEF (schematic)
Observation 1: Current packet processing in P-GW/PCEF requires already packet header analysis.

Observation 2: Current packet processing in P-GW/PCEF may (upon certain events) require interaction with the control plane, but this does not delay or impact the packet forwarding. 

The packet processing enhanced for UPCON, based on GTP-U extension header, may look as illustrated in Figure 2. 
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Figure 2: Packet processing in P-GW/PCEF enhanced for UPCON, based on GTP-U extension header (schematic)
The additional processing consists of analysing an additional header field and update of the congestion level value in memory. Assuming a constant length of the additional extension header (and no concatenation), the modification is only a single byte copy (of the congestion level value). This does not seem to influence performance significantly. 
For the purpose of UPCON an additional interaction with the control plane may be necessary; but here it is important to note that this only occurs on a relatively low-speed (e.g. order of one or a few seconds). The reason is that intentionally UPCON procedures are not meant to occur on the millisecond scale. 
Regarding the efficiency/performance aspect, two variants of extension header usage can be envisaged:

1) every packet of the data traffic within a congested cell carries the UPCON GTP-U extension header;
2) only a subset of the data traffic within a congested cell carries the UPCON GTP-U extension header;

Option 1 has the advantage that no additional semantics need to be associated with the presence/absence of the extension header. Also, the processing can be streamlined. Yet, some concerns have been expressed that this might be too much overhead. Here we argue that in this case it is unnecessary to react on the contents of the UPCON extension header for every packet; on the contrary, it is good enough to process this contents on a time scale which is the target for UPCON, e.g. on a the level of 1 or 2 seconds. In effect, this would mean that the UPCON header would only need to be analysed in very 10s/20s/… packet. And as only the change of a congestion level would trigger the need for interactions with the control plane, it means that the latter occur only on a slow time scale. As a result, the total amount of packet processing for detection of changes of congestion indication (however it may implemented in detail) is substantially less than what is required already (e.g. for charging). 
Option 2 may seem attractive at first sight, as one would intuitively guess that less effort is spent for the whole packet processing in P-GW/PCEF. However, it should be noted that in this case an additional logic (representing the semantics of presence/absence of an extension header) would need to be executed still for every packet!

Independent of these 2 options, the general packet processing does not need to wait for the outcome of any UPCON related triggers.
In conclusion, this leads us to the following observations:

Observation 3: Using an UPCON GTP-U extension header of a fixed format and carrying it in every packet (for traffic stemming from congested cells) optimizes performance and efficiency.
Observation 4: Forwarding of packets carrying an UPCON GTP-U extension header does not need to wait until UPCON procedures (e.g. interactions with the control plane) have completed.

Proposal
The following changes are proposed for TR 23.705: 

Begin of Change

6.2.3
Impact on existing entities and interfaces

The RAN nodes (BSC/RNC/eNodeB)

· Include RCI defined in this solution in the uplink packet.

The core network user plan elements (GGSN/PGW)

· Recognize the congestion indicator.

Using an UPCON GTP-U extension header of a fixed format and carrying it in every packet (for traffic stemming from congested cells) optimizes performance and efficiency.

Forwarding of packets carrying an UPCON GTP-U extension header does not need to wait until UPCON procedures (e.g. interactions with the control plane) have completed.

6.2.4
Solution evaluation
Impacts on existing entities are small.

Expected performance degradation for packet processing is low.
Low latency in RAN user plane congestion reporting.
No additional signalling load (in C-plane) for congestion reporting from RAN to CN.
End of Change
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