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1. Introduction

The RAN#53 plenary meeting has approved a work item on the Multiflow transmission schemes for the HSDPA networks  [1]. So far, this topic has been under discussion in RAN1 and RAN2, the concise summary of which can be found in [5].

As RAN2 already starts to work on the stage2 specification aspects [10-12], in this contribution we aim to present a brief overview of Multiflow, and highlight the aspects of this feature relevant to RAN3, such as general architectural aspects, configuration of RNC and nodeB, capabilities and other potential control plane extensions.

2. Overview of Multiflow

2.1. Preliminaries

Multiflow is a technique in which a UE aggregates the DL transmissions of several cells. It is applicable to UEs, which are at the edge of two cells, and hence can receive data from both cells. The key gain mechanisms for those cell-edge UEs are that resources of a neighbour cell are made available to them. From the system performance perspective, using resources of a neighbour cell for a UE is attractive especially in low- to medium- load scenarios with bursty traffic, where schedulers can be designed easily to perform short-term load balancing that is not affecting the availability of the assisting cell to its own UEs.

From the perspective of higher layers, Multiflow requires that the source data is split and routed over two cells. In inter-site Multiflow the split has been agreed to take place at the level of RLC inside the RNC. In intra-site Multiflow the split may take place in the nodeB at MAC-(e)hs, very much like multicarrier HSDPA.

Multiflow aggregation is defined  for multi-carrier sites, giving rise to a number of configuration options. In order to distinguish the configuration variants a labeling has been adopted as

<number of frequencies in use> – <number of cells aggregated>

For instance, single carrier site aggregation amounts to Single-Frequency Dual-Cell Multiflow (SF-DC), whereas in DC networks one could apply Dual-Frequency Four-Carrier (DF-4C) configuration, as shown in Figure 1
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Figure 1: Example of the SF-DC and DF-4C scenarios.

A concise summary of the Multiflow agreements made so far in RAN1 and RAN2 can be found in [5]. In particular, it has been commonly agreed that  at least two major scenarios – SF-DC and DF-4C – must be supported. It is still for decision whether aggregation will happen for more than two frequencies and more than two sites.  With regards to RAN2 decision, the Multiflow operation is limited to CELL_DCH state only. In addition, the RLC split has been agreed, i.e., the data split takes place at the RLC level in the inter-site scenario.  

Other HSDPA features, such as MIMO, CPC, and dynamic cell deactivation, are still under discussion in RAN2 [9].  

3 Impacts on Iub/Iur

3.1 User plane

On the user plane Multiflow is transparent or does not require any changes to Iub as well as to Iur. It is transparent to Iub due to the fact that in the inter-site Multiflow a second standard DL MAC-d flow is established, which carries a standard HS-DSCH transport channel, as can be seen from Figure 2. In the intra-site configuration, the whole architecture is almost identical to the MC-HSDPA.

The Iur interface would be only needed in case of inter-RNC (implying inter-site) Multiflow. It is transparent to the Iur due to the fact that the frame protocol (FP) has been specified already for the HS-DSCH for the use of HSDPA fast handovers, and the Multiflow second link to the assisting nodeB is be simply tunneled through the DRNC.

Note that while the user plane is not affected in specification, there is an implementation impact to it because of the data split that takes place in RNC at the level of RLC PDUs for the inter-site case, or in nodeB at the level of MAC-(e)hs for the intra-site setup.
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Figure 2: User plane protocol architecture for inter-site Multiflow with two transport channels
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Figure 3: intra-site Multiflow showing the split on the level of MAC-hs with two HS-DSCH as in multicarrier HSDPA

3.2 Control plane

In this section we present a list of issues to be addressed in RAN3 to support the Multiflow operation. In addition, we present high-level considerations on the implementation aspects and ways to enable Multiflow.

Similar to the MC-HSDPA operation, where additional IEs are used to configure secondary serving cells, Multiflow will require appropriate configuration information. However, it is our believe that it will be possible to reuse existent MC-HSDPA IE “HS-DSCH FDD Secondary Serving Information” for Multiflow. Regardless of exact scenarios RAN1 and RAN2 will agree upon, it will be up to the RNC responsibility to analyse the UE and NodeB capabilities, and configure an appropriate number of cells. It is however an open question whether the “HS-DSCH FDD Secondary Serving Information” IE can be reused without any changes or whether further enhancements are needed.

Following the MC-HSDPA principles, where a NodeB can indicate independently its capability for the number of downlink secondary serving cells, there should be a correspondent possibility for Multiflow. It is however for further study the granularity at which the NodeB Multiflow capability should be signalled back to RNC. It is somewhat logical to assume that appropriate bits will be reserved in the “Cell Capability Container” IE (see 9.2.2.129 in TS 25.433) to indicate independently a support for SF-DC and DF-4C. 

With regards to the flow control, we do not expect changes as the existent protocol is already versatile enough to cover the majority of the grant request/poll cases.

We must also note contributions that were brought on possible extensions to the IuB for improved skew management. In particular, in the following papers [6-8], further potential enhancements for Iub were presented and discussed to mitigate the effect of skew and data loss upon link removal. These enhancements can improve the overall Multiflow performance, especially in the mobility scenarios.

4. Conclusions

In this paper we have presented the high-level overview of the Multiflow feature and its impact on RAN3. To our understanding, it has minimal impacts because of transparency to Iub and Iur on the userplane. On the control plane, new parameters shall be introduced to signal the nodeB capabilities and provide the Multiflow configuration. However, it should be possible to reuse the existent MC-HSDPA IEs, so that changes are minimal.
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