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1 Introduction

Different alternatives for user plane architecture were discussed in email discussion [81bis#19].

This contribution discusses in more detail some aspects of user plane architectures. Especially, we discuss some problems of architectures where the split of packets is done under PDCP layer.  
2 Discussion
2.1 User plane architecture alternatives
As discussed in email discussion [81bis#19], main alternatives for UP architectures are split above and below PDCP level, i.e., Alternative 1A and 3C/3D. These main alternatives are depicted in Figure 1.
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Figure 1: Main User Plane Options for Dual Connectivity.

Looking from the network point of view, the split below PDCP (3C/3D) implies that all packets are routed over the anchor eNB. In alternative 1A, S1-U is directly between the S-GW to the Assisting eNB. This difference is depicted in Figure 2.
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Figure 2. Routing of traffic from S-GW to eNB with Alternative 1A (left) and 3C/3D (right).

The solutions where all packets are routed over the anchor eNB have some challenges:

1. The X2 backhaul has limiting capacity and thus can become as a bottleneck. 
2. All user plane packets need to be processed and encrypted/decrypted by the macro eNB

It can be assumed that there are multiple picos per a sector of the macro eNB. Thus the overall amount of pico nodes per macro eNB can be over 10.  This increases the challenges furthermore.
2.2 Transport network topology evaluation
In this subsection we study more the impact of the transport network topology. 
A typical network topology has a star structure over which traffic to the physical macro site and physical pico sites are routed. This kind of topology is depicted in Figure 3.  In the topology it can be seen that the macro site and a cluster of pico sites are connected to each other via a central UP hub. This hub is then connected to the physical CN site.  
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Figure 3. Star transport network topology
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Figure 4. Routing user plane packets in Alternative 1A (left) and 3C/3D (right).
In Figure 4, the transport network topology is depicted together with the network nodes S-GW, Anchor eNB and the Assisting eNB. In the left hand side of the figure, direct routing with alternative 1A is shown. From the figure it can be seen that traffic is routed efficiently over the central hub. In the right hand side of Figure 4, routing of packers with Alternative 3C/3D is shown. It can be seen that the user plane packets are routed back and forth over the backhaul link between the Central UP and the Macro Site.  The effect comes even worse when the Anchor eNB is responsible for more than one Assisting eNB. 
2.3 CN specification impact of direct routing

Handing over an already established EPS bearer from the anchor to assisting eNB would require some changes S1 signalling and S1AP. However, the changes in signalling are assumed to be minor.  Already now e.g. path switch signalling messages include separate DL end points for each EPS bearer.  Thus, we regard additional signalling effort as a minor issue compared to the unnecessary overload of the backhaul in case of routing via the anchor eNB.

3 Conclusion
In this contribution, we have further evaluated the impact of different user plane architectures to the network performance. We have identified that 
Proposal 1:  The protocol architecture should support direct routing of user plane traffic from the core network to the assisting eNB and thereby efficiently support deployments with non-ideal backhaul.
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