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1. Introduction

In earlier discussions in 3GPP it has been clear that there are different views on where a future UE control plane protocol shall be terminated in the LTE architecture. There are basically two possibilities discussed: termination within the Node B, and termination outside Node B.

In this contribution we discuss pros and cons with these approaches and concludes that the UE control plane protocol should be terminated outside Node B. A text proposal with that conclusion is provided to 25.813.

For the sake of simplicity we denote the future UE control plane protocol ERRC in this contribution. Exact naming and functionality should however be a decision for RAN WG2.

2. Discussion

2.1 Control of Terminal Mobility

Efficient mobility handling is an important requirement for LTE. Under the assumption that a recreation of the UE context (containing for example: UE state, started but not completed procedures, UE capabilities, QoS/RAB/RB etc, security context etc, …) at every cell change is not feasible due to performance reasons, we basically conclude that the UE context need to be moved between the nodes that are controlling the UE, when the UE moves.

If the Node B is in charge of the terminal mobility, the UE context needs to be relocated at every cell change that also includes a Node B change. In general, context transfers have several drawbacks. Maintaining the UE context synchronized with the UE can be rather difficult in scenarios when the context changes, for example during RRC procedures, UE capability updates or security context updates. If the UE context is stored in Node B, it might for example be very challenging to handle mobility during call setup.

If the control of terminal mobility is handled by a central node instead, we will have a solution in where the UE context will likely not be relocated at all during the active connection.

2.2 Control of Radio Resources

Requirements on coverage and capacity are challenging for LTE, which means that efficient radio resource management becomes a key target. 

In general is can be said that the ability to execute RRM algorithms in a central node is beneficial for the overall system performance. This as a central node has a more overview understanding of inter-cell interference and inter-cell relations compared to a more localized solution in where RRM functionality is distributed to the different Node Bs.

More particularly, the following examples can be used to exemplify how performance will benefit from a central ERRC termination:

· Admission decisions as well as congestion control actions can be taken based on the interference situation in cell clusters rather than individual cells only.

· Load and service based handovers can direct traffic to most suitable cell / frequency / access technology.

Terminating ERRC in the Node B will either require extensive inter-Node B signalling, or communication between a central node (e.g. CRRM) and the involved Node Bs, which will complicate the solutions in order to reach optimal performance.

2.3 Security

Although the security requirements are still to be concluded in SA3, we note that the security architecture has shown to be one of the most difficult challenges in the UTRAN standardization work, requiring a significant effort and time to complete. 

SA3 has already concluded that ciphering of user data shall not be done in the Node B. Creating a solution in where some part of the security still need to be handled by the Node B seems to complicate the security solution, and might imply a need for a stronger physical protection of the Node B site.

With ERRC terminated in a central node it will be straight forward to reuse security solutions from today’s architecture and achieve the same level of protection as is provided in UMTS.

In addition, the problem of establishing trusted relations on all Node B – Node B interfaces should not be neglected, but is discussed separately in section 2.5.

2.4 Database handling

Generally it can be said that distributing control functions, especially those that require a certain level of radio network topology knowledge, make the system liable to be affected by database duplication.

This can be illustrated by the following examples:

· If one considers e.g. a multi-layered hierarchical cell structure then related neighbor-cell information would need to be distributed among several E-UTRAN nodes in case of ERRC termination in the Node B. In order to ensure consistency among the related databases a centralized O&M entity will be needed anyway.

· Insertion and removal of cells affects topological data in adjacent cells. In case of a central controller, automatic update can be envisaged based on a central relational database (cf. “System Information Update”). In case of distributed knowledge, O&M procedures for subsequently updating all affected databases separately need to be created.

2.5 Complexity aspects

LTE has requirements on complexity and cost reductions. Such requirements are normally difficult to quantify in 3GPP and for that reason, we just do a few observations.

Hardware and processing

Terminating ERRC in the Node B will require that each Node B is capable of storing and processing the maximum amount of UE contexts that are expected within the Node B coverage area. Apart from that the operator dimensioning exercise will be very different from today’s networks, this means that there are no “trunking” gains in hardware (memory and processing power) compared to if this could be done in a more central location in the network.

Node B – Node B interface

Terminating ERRC in the Node B will require a Node B to Node B interface. Such an interface will negatively impact the operations of the network, due to the following reasons:

· The number of interfaces to be configured grows quadratic with the number of nodes N*(N-1)/2. Considering that UTRAN today can have 32 (intra) + 32 (inter) + 32 (GSM) neighbour cells, the number of interfaces can be potentially large.

· If UE contexts (containing for example ciphering keys) are to be transferred on the Node B – Node B interface, secure relations will need to be established between the Node Bs. This can either be done statically which implies a higher operational burden, or dynamically which implies delays in the signalling procedures.

· Addition of new features and correction of errors, normally require new software loads in the affected nodes. This is a major operational task, which require planning and careful consideration. Before the new software is loaded in a live network, there is normally a period of testing and verification. We note that a Node B – Node B interface will complicate this procedure, just by the fact that there will be more permutations of nodes from different vendors with different hardware and software configurations that need to be tested and approved. Obviously the case where there is “only” one interface between a central node and the Node B will lower that effort.

2.6 Procedure Delay

It is often claimed that terminating ERRC in a central node would make signaling procedures slower, and consequently lower the performance in a future LTE network.

We note that when the UE is in LTE_ACTIVE, the actual termination point of ERRC will not impact the resource allocation / de-allocation process when the UE shall transmit data. This, as it is assumed that a power saving sub-state to LTE_ACTIVE will be handled by the MAC layer, and thus be Node B internal.

Analyzing the performance of cell changes and handover, it can be claimed that ERRC messages has a longer distance to travel for the case when the handover decision is taken in a central node. This might be the case, but must be put in relation to that an architecture in where the handover decision is taken in Node B suffers from:

· Node B – Node B signaling, in where each message needs to traverse “last-mile” links twice.

· Apart from the Node B – Node B signaling, the proposed solutions also requires signaling to a user plane switching point higher up in the network hierarchy.

To exemplify this reasoning, we refer to [R2-052903] which analyses some possible call setup procedures.

What matters in most cases is the interruption time of the data flow, which is basically a function of the UE:s ability to switch and synchronize to the new cell, and the networks ability to transmit and receive data in the new cell. From that perspective it is believed that an architecture that do not need to transfer and re-create the UE context at every Node B change will be simpler and performance can be more optimized.

3. Conclusion and Proposal

This contribution has discussed and analysed where would be the best termination point of an RRC like UE control plane protocol in the LTE architecture.

From a mobility control perspective, controlling the UE from the Node B suffers from the fact that a UE context need to be relocated at every inter-Node B change.

From a Radio Resource Management perspective, terminating ERRC in a central node will allow for more optimized RRM functionality, which is deemed important in order to reach the challenging LTE requirements on coverage and capacity.

By terminating ERRC in a central node it will be straight-forward to achieve the same level of protection as is provided in UMTS without inventing new security solutions.

We have also discussed operational aspects of a future LTE network. 

· It has been identified that with a central node it will be easier to ensure a consistent configuration of neighbor cell relations (or any topological relation in the access network) as any distributed architecture suffers from the need of distributed database duplication and related signaling.

· Finally we have identified that a direct Node B – Node B interface (as is required in an architecture where ERRC is terminated in the Node B) will require a significant amount of configuration and testing as the number of interfaces grows quadratic with the number of neighbor cells.

Proposal:

For the reasons above, it is proposed that a future LTE UE control plane protocol is not terminated in the Node B, but instead in a central node in the network.

Text Proposal for 25.813:

It is proposed that the following text in included in section 5.4 of 25.813:

Termination of the UE control plane protocol shall be done in a central node, i.e. not in the Node B.
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