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5.x
SDN concepts applied to lower layers of 3GPP system
5.x.1
Description

The concept of Software Defined Networks (SDN) implies the separation of the user plane and control plane, where part of the user plane may be virtualized on a general computing platform. On such a platform, user data is handled by a Virtual Machine. The user plane processing can be split between a VM and a TP (Transmission Point), for example PDCP and RLC on VM, MAC and lower layers on TP.
The control plane separation, already supported by 3GPP higher layers, may be enhanced in the lower layers by a Central Coordinator, which handles control functions covering at least interference management, mobility management, multi-point connectivity. In the 5G significantly denser deployment, a Central Coordinator is essential for controlling the above functions.

The existing 3GPP system considers the base station as central focus point; the data plane virtualization allows changing the existing paradigm into a user-centric paradigm on the lower levels.
While data plane virtualization is regarded as an exercise for dropping costs, the combination between the Central Coordinator and the virtualization of part of RAN functions can have as effect reducing the processing load on MME and S-GW, together with a significantly higher spectral efficiency and smoother mobility.

The deployment in a given area under the control of a Central Coordinator can be regarded as a single cell, reducing the overhead related to handover, as MME and S-GW are not involved. After TP(s) selection by the Central Coordinator, the traffic is directed to the selected TP(s) by a simple IP header replacement in the VM and, if needed, duplication of packets. The user-associated VM can stay fixed (in the same computing platform) within the controlled area. The general impression is that the UE is fixed and the TP is following its movements. This assures a much smoother handover.
Different TPs may have different backhauls (for example fibre or VDSL) allowing for different throughputs and delays. The exact split of functionality between the VM and the TP will be dependent of backhaul performance and other factors, like the processing power of the VM and Central Coordinator.
The existing Dual Connectivity approach is limited to the coverage area of MeNB (master eNB), while a VM-based approach could extend the controlled area to a geographic region with an area significantly higher than a macro eNB area.

The data from VMs can be forwarded to multiple TPs, for supporting reliable mobility and creating diversity, Network MIMO, cancelling the interference, etc., creating in this way a multi-connectivity UE operation.
The CA Carrier Aggregation) is under the control of Central Coordinator, which can preview the achievable data rates (function of different cells loads and interference levels) in different frequency channels while dynamically switching the serving TPs.
The spectrum flexible duplexing is also under the control of the Central Coordinator, which can receive reports on the resource usage in downlink and uplink from each TP and take decision on the best suitable use of spectrum.
The Central Coordinator is the best way for allocating resources to the critical communication, D2D operation and different network slices.
5.1.2
Potential Service Requirements
3GPP system shall support the virtualization of a part of data plane.

3GPP system shall support a flexible split between the data plane processing in a Virtual Machine and in the transmitting point, function of backhaul performance indicators.

3GPP system shall include a Central Coordinator, with the following minimum functionality:

· Assign to each user equipment at least one Transmission Point;
· Control the VM allocated to the UE in order to route the UE data to the selected TP;
· Control the usage of physical resources by each TP;
· Allocation of dynamic physical resources for Critical Communication and different network slices;
· Allocation of physical resources for D2D operation.
5.1.3
Potential Operational Requirements
3GPP system shall support Network Slicing and Critical Communication as part of the SDN operation at lower layers. Moreover, for critical communication important operational requirements are direct communication (D2D) and infrastructure-less communication (e.g. without any core network).
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