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1 Introduction

This document discusses user plane network architectures for small cell dual connectivity, focuses on backhaul aspects, and proposes how to take into account non-ideal backhaul. 
2 Background - Logical Network Architectures

With dual connectivity, a UE is served by multiple eNBs inter-connected to each other with either ideal or non-ideal backhaul. 
In RAN2 several user plane protocol architecture alternatives for dual connected UEs has been discussed. From network point of view we can group those into two groups:

1)  With a user plane anchor, where UE traffic by small cell(s) passes also through Macro eNB, and the Macro eNB terminates S1-U bearers to SGW for the UE small cell traffic. 

2)  Where both small cell eNB and macro eNB has direct S1-U bearers to SGW
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Figure1. User Plane Anchor.



Figure2. Direct S1 bearers
3 Backhaul Options

3.1 Introduction
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Figure 3: A short backhaul network

Figure 4: A long backhaul network for Building 2
Different backhauls
It seems that the discrimination into the two classes of ideal or non-ideal backhaul is coarse for architecture discussions, as there are many different types of non-ideal backhauls. 

We could further categorize non-ideal backhaul as “long” and “short”, where:

· A long backhaul has significant latency e.g. xDSL, and goes through several hops quite high in the network, e.g. though security/border gateways etc. 
· A short backhaul could typically be a local area network (LAN) or similar, with quite low latency (and comparably good performance). 
In addition we could categorize non-ideal backhaul as “fat” or “thin”, where: 
· A fat backhaul can serve high throughput and is not expected to be the throughput limitation (Uu is limiting the througput), and where 
· A thin backhaul would bring a throughput limitation in the system (Uu is not limiting the throughput). 
We think the terms Long, Short, Fat, Thin describes the character of the non-ideal backhaul network in a detail level that is adequate for architectural discussions (regarding latency and throughput) but it is actually not clear whether it is needed to apply the particular language.  
Proposal 1: Discuss whether the language long, short, fat, thin should be adopted for describing non-ideal backhauls.
3.2 Direct S1 bearers

When UE is dual connected to both Macro and Small Cell, both small cell eNB and macro eNB has direct S1-U bearers to SGW. 
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Figure 5: Data path Direct S1 bearers




Figure 6: Data Path Direct S1 bearers

3.3 User Plane Anchor in the Macro eNB

When UE is dual connected to both Macro and Small Cell, UE traffic is anchored in Macro eNB, and only the eNB that houses the UP anchor has S1-U bearers to SGW for the UE.
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Figure 7: Data Path, UP anchor in the Macro


Figure 8: Data Path, UP anchor in the Macro

4 Discussion
We can observe the following from the pictures: 

	
	Direct S1 Bearers
	UP anchor in the macro

	UP Latency
	Baseline for comparison
	Additional latency is added, at least 2*latency of Transmission link A and processing in the macro eNB. 

	Backhaul load
	Baseline for comparison
	At least the transmission link A, and possibly more of the backhaul network of the macro will be much more highly loaded as all offloaded traffic will go to the macro eNB and from there to the CN. 

	Uu efficiency 
	With direct bearers there is almost no real opportunity to do smart loadsharing between cells e.g. inter-eNB CA (or inter-eNB COMP), as different bearers are likely active at different times, and the bulk of the data will probably be carried on one single bearer at any given point in time.
	With a user-plane anchor there is real possibility to do inter-eNB CA (or inter-eNB COMP). The efficiency of such aggregation is TBD. 


Conclusion 1: For architectures where the user plane is anchored, base-stations that shall house the user plane anchors need to be well connected. The link(s) between such base-station and the transmission hub that is common with other base-stations in the coverage area need to carry tromboning of all offloaded traffic. 
Conclusion 2: There are vastly different pro’s and con’s with the two different architectural alternatives. It could be interesting to support both options of anchored user plane and direct S1 bearers.
Proposal 2: Capture agreed conclusions and the table above in the TR. 

Possible solution for anchored user plane (RNC architecture)
In case the backhaul is a bottleneck, it could be possible to locate the anchor eNB higher up in the network. Such anchor eNB would not need to have any cells of its own but would rather be a controller and a user plane aggregator. Such eNB could also be viewed as a centralized RNC. We assume that such architecture, while may be possible for implementation, is not interesting for further discussion in the flattened LTE/EPC architecture. 
5 Conclusions

Conclusion 1: For architectures where the user plane is anchored, base-stations that shall house the user plane anchors need to be well connected. The link(s) between such base-station and the transmission hub that is common with other base-stations in the coverage area need to carry tromboning of all offloaded traffic. 

Conclusion 2: There are vastly different pro’s and con’s with the two different architectural alternatives. It could be interesting to support both options of anchored user plane and direct S1 bearers.

Proposal 1: Discuss whether the language long, short, fat, thin should be adopted for describing non-ideal backhauls.

Proposal 2: Capture agreed conclusions and the table above in the TR. 
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