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Introduction

The 3GPP System Architecture Evolution Work Item studies the long term evolution of the 3GPP system. The target is to develop a competitive system architecture that provides optimal support for high bandwidth and low latency IP traffic and services.

The evolved radio access network shall be optimized for packet traffic. Some very tight requirements have been set for IP end-to-end services in order to compete with the challenger technologies. These requirements cannot be met easily with the current UTRAN architecture, thus a new IP optimized radio access network architecture should be considered. In this architecture IP extends to the Evolved Base Stations. User plane IP header compression should still be supported over the radio link in between the UE and the Evolved Base Station. 

Some discussion about issues in locating the header compression in the evolved RAN follows.

IP Header Compression

The evolved radio access network shall be optimized for packet traffic, so it is worth for considering a new IP optimized radio access network architecture where IP awareness is extended into the radio interface in order to achieve e.g. less than 10 ms RTT target for IP traffic within the radio access network.

In practise for maximum performance and minimum latencies it would be optimal to implement an IP aware radio protocol stack in one node only (Evolved Base Station) instead of splitting functions into multiple nodes as it is specified today.

In a new distributed network architecture the IP aware evolved base stations should optimally terminate IP like a “Wireless IP aware bridge” in order to take benefit of standard mechanisms for processing user IP traffic on U-plane. Now, IP header compression and other available IP features e.g. DiffServ and some future TCP enhancements are examples of the features that could be implemented in the IP aware evolved base stations over the radio link. Distributed architecture requires relocation of user context transfer from source base station to target base station in case of Inter-BS handovers. That includes header compression context among other information. Nokia contribution for Intra Radio-access mobility in connected mode handles more context transfer issues.

In a centralized network architecture the mentioned IP features would be located higher in the network topology due to splitting L1/L2 and L3 functions into different nodes. Now the user specific and processing power consuming IP functions (like header compression), in addition to radio protocols, would reside in one centralised node, serving potentially tens of base stations. Such a node with such processing intensive tasks easily becomes a bottleneck in the network. Having such a bottleneck in the network architecture creates an inherent scalability issue in the system. 

In addition to scalability, distributing at least some of the radio protocol processing of UEs communication into more than one node will create additional latency and may also have an impact on transport network requirements between the anchor point and the Base Station. More about this in the following.
Locating IP header compression in the evolved base station makes it effective only for the radio link. However,  the nature of header compression schema like ROHC (RFC3095) also suggests that. Its use over multiple unreliable router hops is not recommened due to its sensitivity to undetected errors in packets and out of sequence delivery. The resulting context damage would seriously degrade the U-plane performance due to context initializations that would have to be done in the compressor based on the feedback received from the de-compressor over a lengthy route rather than just over the radio. This aspect implies that some additional mechansims would be needed to protect from errors (e.g., some RLC-like protocol) in the same node where header compression is located. In order not to cause too significant performance degradation, the re-transmission loop should be fast. It implies more stringent requirements for the transport between the header compression entity and the Base Station.

Also the transport network is typically capacity limited, so some mechanism will be needed to reduce overhead in the evolved radio-access network. It is always possible to apply header compression (for the outer IP headers) on the selected links e.g. on E1/T1 or microwave radio links in the last mile. This approach was already taken in Rel-5 IP transport option, where the role of IP was only to provide transport alternative to ATM.

The way how user IP packets are transmitted within the access over its interfaces is also crucial from the overhead point of view. Eliminating the tunnelling as it is in today’s UTRAN would result in overhead reduction. Address swapping instead of tunnelling is one such way of eliminating tunnel overhead.

Generally in the context of transport overhead also the intended “operating point” of the network needs to be discussed. It all culminates in the question of for what is the evolved UTRAN optimised for? In a traditional bandwidth limited voice optimised access system header overhead has been and still is an issue for the operator. This is due to the reasons of limited bandwidth (e.g., E1 line to the Base Station) and nature of voice payloads that appear in the network as a stream of short packets. In an new “high bandwidth, low latency, IP optimised” system the, priorities in system design may not be the same. The expected bandwidth in network links can be expected to be significantly higher on the average, the primary volume of traffic can be expected to be of bigger payloads than voice. In general the objectives regarding the new system are expected to be significantly different. Otherwise the whole motive for LTE work could be questioned. In this contribution it has been shown that the location of the header compression fiunction in the network cannot be determined solely based on the objective of reducing the header overhead.

Conclusions and Proposal

It has been shown in this contribution, that the header compression for the radio should be located in RAN and more specifically in the Base station. 
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	Due to system scalability and HC performance issues the HC is located in RAN


This approach is in line with the desire of having a scalable, high bandwidth, low latency, IP optimised radio access network. The main issues identified against other locations were as follows: scalability of the access network, issues of header compression solutions like ROHC when used over several unreliable IP router hops, the new objectives of the LTE compared to the objectives of bandwidth limited voice optimised systems.

It was also addressed above that in addition to header compression there are other ways of reducing the protocol overheads in the access. These other ways, e.g., removal of tunnelling, deserve a separate discussion.
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