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1 Introduction
This contribution describes some details of the Distributed RAN architecture as proposed in [1] for an evolved UTRAN architecture. In this proposal, the RNC is separated into a controlling node, the RAN Server and an extended radio access node, the intelligent Node B (iNodeB).

The proposed architecture offers separation of control and user plane with individual scalability. It furthermore provides the basis for an IP based radio access network with the capability of service differentiation and future mobile multi-media services.

2 Evolved Architecture

An overview on the UTRAN Rel.5 protocol stack for the control plane is given in [2] and depicted in Figure 1. Nearly the whole control processing within the RNS is done in the RNC except of lower layer processing for the Uu interface which is done in the Node B. In the proposed Distributed RAN (DRAN) architecture, a functional split between cell related and RAN specific functions has been introduced, both located in different network elements. This however requires a new interface between them as shown in Figure 2.
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Figure 1: Control Plane in Release 5

In general, this interface shall be open for future integration of enhanced radio access technologies and new services. To handle the current set of services, offered in UMTS, a subset of existing protocols (RANAP and RNSAP) shall be used, in order to reduce standardization effort.

The cell related protocol handling is completely moved to the extended Node B (iNodeB) whereas the RAN specific part resides in the RAN Server. RANAP is terminated and processed in the RAN Server. RRC processes, initiated by RANAP are executed in the specific iNodeB via Iui interface. IP is used to address this iNodeB and the necessary transport and radio network layer above are for further study. 
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Figure 2: Control Plane in DRAN with functional split between RAN Server and iNodeB
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Figure 3: User Plane in UTRAN Rel. 5
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Figure 4: User Plane in DRAN

The protocol stack of the user plane in UTRAN Rel. 5 as described in [2] is shown in Figure 3. From the protocol point of view, no changes are necessary on the user plane in the DRAN architecture except of the network element, which terminates the GTP-U tunnel. The DRAN protocol stack of the user plane is shown inFigure 4 and it is obvious, that both are identical from the protocol perspective although they differ in the topology.

Figure 2 and Figure 4 also demonstrates clearly, that the radio specific processing is autonomously handled by the iNodeB and not remotely via Iui interface. Especially the RLC/MAC/Phy control from RRC is not done via Iui.

3 Separation of Control and User Plane

In order to optimize the access system and to reduce network cost, a strict separation of control and user plane is necessary. The evolved architecture shall take this into account and offer the flexibility for future adaptation. The proposed Distributed RAN architecture uses a centralized node only in the control plane and decentralizes user plane handling in the radio access node (iNodeB). Transport between CN (SGSN) and access node uses a simple IP routed network, providing the required QoS for each service. Increasing user plane traffic volume can easily be handled by expanding the IP network and no extensions of UMTS nodes are necessary.

This advantage prevails the more complex handling of intra RNS mobility in the SGSN (e.g. HHO). An optional solution to hide intra RNS mobility from SGSN is proposed.
4 Handover Execution in Distributed RAN

Handover in the proposed Distributed RAN architecture differs from the handling in the legacy RAN environment. Soft and softer handover in this architecture is autonomously performed by the iNodeBs themselves. The complexity is at least the same but in general simpler than in the Rel. 5 architecture and is performed with already standardized protocols. Interaction with RAN Server is necessary only in case of hard handover. Using the same methodology as in Rel. 5, each hard handover should be handled similar as a SRNS relocation. To avoid possible overload in the SGSN, alternate methods are introduced within the DRAN architecture.

4.1 Softer Handover

Softer handover is completely handled inside an iNodeB without any interaction with external nodes as depicted in Figure 5. This is possible because Iub is migrated to an iNodeB internal interface.
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Figure 5: MSC of Softer Handover in DRAN Architecture

4.2 Soft Handover

As radio resources are autonomously managed by the iNodeBs, any soft handover is subject of the involved iNodeBs. It does not need any interaction or involvement from the RAN Server as shown in the MSC in Figure 6.Instead of the usage of two Iub connections (in the Rel. 5 architecture), only one Iur between Serving and Drift iNodeB is sufficient. As each iNodeB is logically connected with its neighbors via Iur interface, regardless of its membership to a specific RNS, no RAN Server is involved even in case of inter RNS soft handover. This is remarkable simpler than in the existing version.
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Figure 6: MSC of Soft Handover in DRAN Architecture

4.3 Hard Handover

As each hard handover in the DRAN architecture is similar to an inter RNS relocation (with respect to the user plane on Iu_u interface), the CN (i.e. SGSN) will be involved as shown in Figure 7 (a). This may result in unwanted load in the SGSN. To offer the network operator the flexibility to avoid this, an optional GTP-U relay shall be introduced for hard handover handling as shown in Figure 7 (b). 
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Figure 7: Distributed RAN Options for Hard Handover
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Figure 8: Hard Handover in Distributed RAN

Figure 8 illustrates the hard handover execution in the DRAN architecture. In the initial case as shown in Figure 8(a), UE is connected via Uu to its serving iNodeB. After hard handover decision, the handover to the new target iNodeB is performed as described in Figure 9 resulting in the configuration shown in Figure 8 (b). The target iNodeB will be addressed via Iui from the RAN Server. The existing GTP-U tunnel from SGSN to serving iNodeB will be extended to the target iNodeB. Having completed these procedures, the target iNodeB becomes the new serving iNodeB and the former serving iNodeB acts as GTP-U relay. Therefore this hard handover is hidden from the CN. As an option, this method can be cascaded. Nevertheless, to resolve the relaying situation, an appropriate method is proposed (see MSC in Figure 10). This will result in the arrangement shown in Figure 8(c).
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Figure 9: MSC of Hard Handover in DRAN Architecture
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Figure 10: Iu_u Streamlining in Distributed RAN

5 Specification Impacts

Specification and standardization of the new interface between RAN Server and iNodedB (Iui) is necessary. It shall be based on already standardized RANAP and RNSAP protocols.

Extensions in RANAP for Iu_u streamlining are necessary.

6 Proposal

It is proposed to add section 2 (Evolved Architecture) of this architectural proposal to paragraph 6.3.5.2.2, section 3 (Separation of Control and User Plane) to 6.3.5.2.1, section 5 (Specification Impacts) to 6.3.5.5 and to include section 4 (Hard Handover Execution in DRAN) as new paragraph 6.3.5.3 in the TR 25.897 for study.
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