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1. Introduction
According to email discussion 81#32, many companies confirmed that realizing Rel-10/11 CA with non-ideal backhaul is an important challenge and needs to be considered for Rel-12 small cell enhancements.
With R10/R11 CA/CoMP, since multi-cells can share one scheduler due to ideal backhaul, all available frequency resource can be made full use and the radio link with better channel condition can be rapidly chosen. As such per-UE throughput can be greatly improved. However, with non-ideal backhaul, there is no way to take these advantages of Rel-10/11 CA/CoMP, and various potential solutions (including dual connectivity and other possible solutions e.g. inter-eNB CoMP or inter-eNB CA) need to be considered to solve the difficulty.
This paper tries to analyze possible benefit for dual connectivity with non-ideal backhaul in terms of spectrum utilization efficiency and per-UE throughput.
2. Discussion
On the basis of the two possible cases with non-ideal backhaul [1], below we will analyze whether dual connectivity technique can efficiently use existing frequency resource or not? 
Case 1: There are deployment scenarios in which multiple small cells are deployed within the macro cell coverage. If backhaul technologies categorized as non-ideal backhaul as in [3] are utilized between macro and small cells, Rel-11 CoMP/CA cannot work due to larger backhaul latency
In this case, for intra-frequency deployments, when using dual connectivity technique, a UE located either in the central of a small cell or at the edge of a small cell, will use ABSs (Almost blank subframes) to protect resources in subframes in the victim cell receiving strong inter-cell interference. It means that the same frequency is shared by macro cell and small cell. Then if target cell (e.g. a small cell) is overloaded, and macro cell has no frequency resource available either, the dual connectivity technique is invalid to simultaneously utilize multiple eNB resources.
Likewise, for inter-frequency deployments, if there are only two frequencies left for the small cell and macro cell deployment, an operator can deploy a frequency layer identical with macro cell at the same site of the small cell eNB so that the frequency resource can be made full use. Thus at the same location, the small cell eNB can have two cells with two different frequencies. Then the UE can make use of the Rel-10/11 CA at the small cell eNB in order to increase per-UE throughput. Then the utilization rate of frequency resource of the dual connectivity technique for non-ideal backhaul is not so effective.
Observation 1: In case that small cell is deployed within the macro cell coverage, the dual connectivity technique with non-ideal backhaul cannot use spectrum resources more effectively, either for intra- or inter-frequency deployments
Based on Observation 1, Rel-10/11 solutions with ideal backhaul (e.g. CA, CoMP …) should be considered as a baseline to solve the per-UE throughput difficulty for non-ideal backhaul.

Proposal 1:  Rel-10/11 solutions with ideal backhaul (e.g. CA, CoMP …) should be considered as a baseline to solve the per-UE throughput difficulty for non-ideal backhaul.
In the following, we analyze the second case from email discussion:
Case 2: If the macro cell edge is also the area boundary served by the different eNBs, and a small cell is deployed as such that it covers the area boundary of different eNBs as shown figure below, there would be a region that CoMP/CA cannot be configured for the UE (Region #A in Figure below). This is because Rel-11 CoMP/CA can only support the case where all serving transmission points are served by the same eNB. 
[image: image1.emf]Macro eNB#1

Macro eNB#2

Small cell

Region #A




In this case, for intra-frequency deployments, a UE in the left Region of a small cell with ideal backhaul can apply Rel-10/11 CoMP technique to further improve system spectrum efficiency. But in Region #A, with dual connectivity solutions, ABSs still need to be used to avoid inter-cells interference. Then frequency resource is shared between small cell and macro cell. If necessary, it seems possible to allocate all available resources of a small cell or macro cell to a UE for peak data rate through timely ABSs reconfiguration. Thus as for dual connectivity, this case is hardly an illustration of efficiently utilization of spectrum resource, in other words, spectrum efficiency in Region #A is even possibly far less than the level of Rel-10/11 CoMP in the left Region. 
For inter-frequency deployments, similar with the first case, considering the same frequency deployment with macro cell at the same site of the small cell eNB, utilization rate of frequency resource of the dual connectivity technique for non-ideal backhaul is not as effective as that of frequency reusing plus Rel-10/11 CA anyhow.
Observation 2: In case that small cell is deployed at the macro cell edge with non-ideal backhaul, the dual connectivity technique cannot use spectrum resources more effectively, either for intra- or inter-frequency deployments.
Based on the above observations, the potential dual connectivity solutions seem to be no gain on per-UE throughput, compared with Rel-1-/11 CA/CoMP. 
Proposal 2: It is proposed to capture the following understandings into the TR:
Dual connectivity solutions have no improvement on per-UE throughput, compared with Rel-10/11 CA or CoMP.
3. Conclusion
In this contribution, we analyze possible benefit for dual connectivity with non-ideal backhaul in terms of spectrum utilization efficiency and per-UE throughput, and some observations and proposals are provided as follows:
Observation 1: In case that small cell is deployed within the macro cell coverage, the dual connectivity technique with non-ideal backhaul cannot use spectrum resources more effectively, either for intra- or inter-frequency deployments.
Proposal 1: Rel-10/11 solutions with ideal backhaul (e.g. CA, CoMP …) should be considered as a baseline to solve the per-UE throughput difficulty for non-ideal backhaul.
Observation 2:  In case that small cell is deployed at the macro cell edge with non-ideal backhaul, the dual connectivity technique cannot use spectrum resources more effectively, either for intra- or inter-frequency deployments.
Proposal 2:  It is proposed to capture the following understandings into the TR: 
Dual connectivity solutions have no improvement on per-UE throughput, compared with Rel-10/11 CA or CoMP.
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