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1 Introduction

This contribution discusses different U-plane protocol architectures for small cell dual connectivity that can be implemented with non-idea backhaul and a way forward is proposed. 
2 User Plane Anchor or Direct S1 Bearers
With dual connectivity, a UE can be served by multiple eNBs connected to each other with either ideal or non-ideal backhaul. It should be discussed whether there should be a user plane anchor in the RAN or not. 
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Figure1. User Plane Anchor

A user plane anchor would mean: 
·  For a UE, there would be a single S1-U in the network, that do not need to be relocated while the UE moves between small cells in a local area. There would be no need for core network path-switching while the UE is in a local area.
·  There is opportunity for fast flexible multiplexing of packets onto several instances of Uu, regardless what is the bearer configuration (e.g. also for a single bearer, which is a quite common case).
·  Different intra-RAN cooperation technologies (e.g. inter-eNB CA, inter-eNB COMP) could be used without core network impact.
·  In principle, the radio stack would be split in a higher part and a lower part between the user plane anchor and drift nodes. There are several functional split options for the higher/lower parts, see subsequent chapters. 
·  There could be backhaul tromboning, where data is routed back and forth across the backhaul in order to converge at the user plane anchor point in the RAN.
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Figure2. Direct S1 bearers
Direct S1 bearers would mean: 

·  For a UE, there could be multiple S1-Us in the network, where small cell S1-U interface need to be relocated, and path switch is needed when the UE moves between small cells.

·  Different Bearers would be allocated to different S1-Us.
·  The whole Uu L2 would be configured for each S1-U termination, i.e. small impact to L2, no need to split the radio stack in a higher and lower part.
·  This option could work well also with low performance or unknown performance backhauls. 
In the long term we think both options of a) user plane anchor and b) direct S1-U bearers are interesting options. For Rel-13 probably the scope will need to be limited.
Proposal 1: Include both options of a) user plane anchor and b) direct S1-U bearers in the study. Prepare to down-select to one option for the Rel-13 WI phase.
Proposal 2: Use the text and the figures above describing user plane anchor and direct S1 bearers in the TR.
3 Anchored U-plane architecture options
This section discusses U-plane protocol terminations and the functional split between different eNBs with non-ideal backhaul. 
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Figure 3 Anchored User Plane Architecture Alt 1 
Common New Aggregation Function - PDCP, RLC and MAC in each eNB
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Figure 4 Anchored User Plane Architecture Alt 2, 
Common PDCP - RLC and MAC in each eNB.
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Figure 5 Anchored User Plane Architecture Alt 3, 
Common PDCP and RLC - MAC in each eNB
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Figure 6 Anchored User Plane Architecture Alt 4, 
Common PDCP, RLC and MAC – L1 in each eNB.
We think that L1 inter-eNB cooperation technology (such as COMP) is very sensitive to backhaul performance and needs to be worked on in a separate study or work item. Thus we think Alt 4 above is not applicable to the current small cell study. 
Proposal 3: Small Cell higher layers Study Item should focus on L2 centric aggregation, e.g. similar to Carrier aggregation or flow aggregation. 

Proposal 4: Anchored User Plane Architectural Alternatives 1, 2 and 3 above could be studied in the small cell study, and should be described in the TR. 

4 MAC operation for non-ideal backhaul

Independent of the detail L2 architecture, there are some aspects of MAC and radio resource management that can be discussed. With dual connectivity, a UE can be served by multiple eNBs connected to each other with non-ideal backhaul. 
To avoid inefficiencies due to long latency for information exchange between eNBs, each eNB should have a scheduler responsible for its own radio resource allocation. Separate MAC is needed for each eNB for dynamic data scheduling, so that the scheduling flexibility and efficiency will not be impacted.

Furthermore HARQ RTT would be greatly increased if the DL assignment/UL grant and the HARQ feedback were forwarded through the non-ideal backhaul. Since the backhaul delay will be too large to allow cross-eNB scheduling or cross-eNB HARQ feedback, each scheduler communicates with the UE by direct control channels between the UE and the eNB where the scheduler resides. In order to meet the timeline of current HARQ process, each eNB should have its own PDCCH for resource allocation and PUCCH for CSI, SR and ACK/NACK. 

Proposal 5: Separate MAC and separate scheduler is assumed for each eNB. 

Proposal 6: Cross-eNB scheduling is not assumed. Each eNB should have its own L1 control channels for scheduling control and feedback. 
5 Summary

Proposal 1: Include both options of a) user plane anchor and b) direct S1-U bearers in the study. Prepare to down-select to one option for the Rel-13 WI phase.

Proposal 2: Use the text and the figures above describing user plane anchor and direct S1 bearers in the TR.

Proposal 3: Small Cell higher layers Study Item should focus on L2 centric aggregation, e.g. similar to Carrier aggregation or flow aggregation. 

Proposal 4: Anchored User Plane Architectural Alternatives 1, 2 and 3 above could be studied in the small cell study, and should be described in the TR. 

Proposal 5: Separate MAC and separate scheduler is assumed for each eNB. 

Proposal 6: Cross-eNB scheduling is not assumed. Each eNB should have its own L1 control channels for scheduling control and feedback. 
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