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1
Introduction
One of the objectives of the study item on higher layer aspects of small cell enhancements is to identify and evaluate the benefits of terminals having dual connectivity to macro and small cell layers served by different or same carrier, and for which scenarios such dual connectivity is feasible and beneficial [1]. According to the proposed work plan in [3], this discussion should already start in RAN2#81. 

In this contribution we first try to identify feasible scenarios for dual-connectivity (among those listed in the technical report on scenarios and requirements for small cell enhancements [2]). Then we present simulation results showing the user data rates enhancements provided by inter-site CA based dual-connectivity in such scenarios. Finally, we summarize our main observations and proposals for the way forward of the study item.
2
Feasible Scenarios
In this contribution we only consider a limited subset of feasible scenarios for dual-connectivity. In particular, we focus on the following deployment scenarios and capability requirements [4]:

-
With macro cell coverage, i.e. the UE is in coverage of both macro and small cell simultaneously;

-
Different carrier frequencies deployed at macro and small cell;

-
Terminals support dual component carrier (i.e. are carrier aggregation capable) at least in the in downlink;
-
With non-ideal backhaul.
An example of a feasible scenario for inter-site CA considered in our contribution is illustrated in Figure 1. 
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Fig. 1: Example of feasible scenario for dual connectivity with inter-site CA.
Note that by focusing on these scenarios and requirements we are not implicitly proposing that dual connectivity solutions studied in the context of Release 12 small cell enhancements should only be limited to such scenarios, but that they should at least be covered.
3
Data rate enhancements
For the scenario introduced in Section 2 we now present simulation results assuming simultaneous U-plane data transmission from macro and small cell layers. Due to its resemblance with HetNet CA scenario #4 in Release 10, we also refer to such dual connectivity scenario as inter-site or inter-eNB CA. For the cases without inter-site CA, the UEs are only served by one cell at a time, which is determined based on RSRQ measurements and a load-dependent RE value targeting at maximizing the 5%-ile user throughput. Note that the presented results apply to both scenarios with ideal and non ideal backhaul between macro and small cell. However, in case of ideal backhaul the scenario is essentially equivalent to CA scenario #4 in Release 10 (and therefore out of the scope of Release 12 small cell enhancements). More detailed simulation assumptions can be found in Appendix A.
Inter-site CA allows a better utilization of the fragmented radio resources at macro and small cell. UEs configured with inter-site CA have access to a higher transmission bandwidth and therefore have the opportunity to be served at higher data rates. RSRQ/RSRP measurement reports can be used to decide whether or not a UE should be configured with inter-site CA. Packet scheduling is performed almost independently at macro and small cell. The only information that needs to be exchanged is the past scheduled throughput. In this way the independent schedulers at macro and small cell essentially offers fast and efficient inter-layer load balancing cell, thereby allowing for more fair distribution of the radio resources among UEs. For the sake of simplicity, in the simulations with inter-site CA presented in this contribution we assume that all UEs are configured to simultaneously receive U-plane data from the strongest macro (i.e. the macro eNB with highest RSRP) and the strongest small cell. Optimal inter-layer load balancing between macro and small cell (depending on the instantaneous load and channel conditions) is managed by proportional fair scheduling performed in the independent schedulers at macro and small cell. 
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Fig.2: Typical user throughput data rates with and without dual connectivity 
as a functionof the offered load per macro cell area (0,072 km2)
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Fig.3 and 4 : Average user data rates with and without inter-site CA as a function of the RSRQ difference between macro and small cell in two different load conditions
From the typical user data rates in Figure 1 it can be observed that both the 5%-ile and 50%-ile user throughput performance with inter-site CA are significantly higher than without inter-site CA. Users experience gains up to ~90% in low load conditions. On the other hand, the gain decreases as the load increases. At very high load the user data rate performance with and without inter-site CA is almost the same. This behaviour can be explained as follows; at low-to-medium load UEs can benefit from larger transmission bandwidth and increased multi-user diversity available with inter-site CA. When the offered load is high, it does not really matter whether the UE can receive data from one or both frequency layers since the system is saturated and the schedulers try to allocate the available resources among all UEs in a fair manner. 

Figures 3 and 4 show the average user throughput as a function of different values of the RSRQ difference between macro and small cells in low (~5-10% of PRB utilization) and medium-to-high (~60-70% of PRB utilization) load conditions. Also here it can be observed that the benefits of dual connectivity are larger in lower load conditions. Also, quite intuitively the smaller is the RSRQ difference between macro and small cell, the higher is the gain of inter-site CA. However, it can also be observed how in medium-to-high load conditions UEs with an RSRQ difference between macro and small cell lower than 1 dB can still experience a ~30% higher data throughput compared to the case without inter-site CA.
4
Conclusion
In this contribution we have identified some of the feasible scenarios for dual connectivity between macro and small cell and provided simulation results for inter-site CA showing quite significant user throughput enhancements by having simultaneous downlink transmission from macro and small cell on separate frequency layers. Therefore:
Proposal: simultaneous physical layer connectivity and data reception from macro and small cell layers (also referred to as inter-site CA) should be considered as one of the candidate solutions for dual connectivity in Release 12 small cell enhancements at least for scenarios with simultaneous macro and small cell coverage, different frequency bands separately assigned to macro layer and small cell layer, and UEs supporting CA for these assigned macro and small cell frequency layers and non-ideal backhaul between macro and small cell.
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Appendix A: Simulation Assumptions

TABLE I.  Simulation Settings

	Parameters
	Settings/Assumptions

	Network layout
	7 macro sites (21 macro cells), wrap-around

4 small cells randomly placed per macro cell

	Channel profile
	SCM channel model with 3D antenna

	UE location
	Indoor UEs with 20dB penetration loss

	Inter-site distance  / cell radius
	Macro cell: 500 m (ISD);
Small cell: 40 m (Cell radius)

	Transmit power
	Macro eNB: 46 dBm 
Small cell: 30 dBm

	Bandwidth
	2 x 10MHz @ 2GHz and 3.5 GHz

	Antenna configuration
	2 x 2 MIMO with rank adaptation and interference rejection combining

	Antenna gain
	Macro: 14 dBi

Small cell: 5 dBi

	Bursty traffic model
	Poisson arrival with fixed payload size of 10 Mbits per UE

Hotspot UE distribution

· 1/3 of UEs dropped within the macro cell coverage area,

· 2/3 of UEs dropped within the small cell coverage area (without RE)

	Packet scheduling
	Almost independent scheduling (proportional fair) at macro and small cell. Only information exchanged between macro and small cell is the past scheduled throughput per UE.

	Cell selection metric
(only with no dual-connectivity)
	RSRQ 

	Available MCSs
	QPSK (1/5 to 3/4), 16QAM (2/5 to 5/6), 64QAM (3/5 to 9/10)

	BLER target
	10%

	HARQ modeling
	Ideal chase combining with max 4 transmissions

	Path loss
	Macro cell: 140.7+36.7log10(R[km])

Small cell: 128.1+37.6log10(R[km])

	Shadow fading
	Lognormal, std.=8 dB for macro cell

Lognormal, std.=10 dB for small cell


