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1 Introduction

According to the Study Item of small cell enhancement established in RAN #58 meeting, we need to “Identify and evaluate the benefits of UEs 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]. 
This contribution performs analysis of feasible scenarios and evaluates the benefits of dual connectivity for small cell deployment, through the following steps:
· Scenario models are formulated for simulation based on the target deployment layout identified for small cells in TR 36.932 [2];
· we then discuss the feasibility of the dual connectivity in these scenario models, in terms of the multitude of serving eNBs and the relation to simultaneous transmissions/receptions on PHY layer;
· after that, simulation of dual connectivity are performed in these scenario models, and its impact are evaluated with numerical results, according to the performance requirements determined in TR 36.932 [2];
· Finally, we discuss potential enhancement needed to realize dual connectivity to both macro and small cell layers.
2 Scenario models for dual connectivity
Table 1 summarises target deployment scenarios for small cell enhancement envisioned in the TR 36.932 [1], and notes their relevance to formulating simulation models for RAN2 discussions. 
Table 1, Scenarios of small cell enhancement

	
	Scenarios
	Note

	#1
	With and without macro coverage
	

	#2
	Outdoor and indoor
	· The key impact is the UE speed

	#3
	Ideal and non-ideal backhaul
	· the non-ideal backhaul should be prioritized

	#4
	Sparse and dense
	· For mobility/connectivity performance, both sparse and dense deployments should be considered with equal priority
· The amount of benefit from the dual connection may be different 

	#5
	Synchronized and un-synchronized scenarios
	


The following scenario models can capture most salient properties of typical deployment layout, and can be used for simulation to evaluate the benefits of dual connectivity in small cell deployments:

· Scenario A: with co-channel macro coverage, UE speed up to 60 km/h, non-ideal backhaul between macro and small cells;

· Scenario B: with macro and small cells on separate carriers, UE speed up to 60 km/h, non-ideal backhaul between macro and small cells.
Proposal 1: the following scenarios should be studied for the feasibility of applying dual connectivity

· With co-channel macro coverage, UE speed up to 60 km/h, non-ideal backhaul between macro and small cells;

· With macro and small cells on separate carriers, UE speed up to 60 km/h, non-ideal backhaul between macro and small cells.
3 System feasibility of dual connectivity
The feasibility of dual connectivity in the identified scenarios can be analysed from the following 3 aspects [3]. 
1) How dual connectivity is served by the network? 

In R11 CA and CoMP operations, transmissions to a UE can be made from different cells/nodes. But these transmissions are controlled by a centralized scheduler, assuming ideal backhaul. Hence, UE is served by one eNB in R11 CA and CoMP operation.
With non-ideal backhaul, the backhaul’s latency, jitter, and capacity impose difficulties on performing the centralized scheduling. Hence, scheduling function may be distributed among macro and small cells for their transmissions to a UE over dual connectivity. These macro and small cells can be managed by different eNBs, e.g., there may be an eNB in charge of a cluster of small cells in a hotspot area. Therefore, UE may be served by multiple eNBs when it is in dual connectivity mode.
Observation 1: dual connectivity to macro and small cells may be served by different eNBs.
2) What kind of data reception/transmission mode is needed?
Dual connectivity may be supported using the following data reception/transmission modes:
a) Simultaneous receptions/transmissions at UE: UE can receive/transmit data simultaneously from/to both macro and small cells in a time domain resource;
b) TDM reception/transmission at UE: UE receive/transmit data from/to macro and small cells one node at a time. The transmission/muting on the macro and small cells may be coordinated at subframe level in a semi-static way.
With respect to the simultaneous reception, requirements different from those of R11 CA may be resulted from the fact that dual connectivity is served by different eNBs for macro and small cells, as discussed in 1).  As for simultaneous transmission, allocation of transmission powers towards macro and small cells may be an issue for further studies, and UE’s RF capability may need to be taken into account. In case of Intra-frequency deployment, more investigation should be made on the cost and efficiency of resource co-ordination to avoid the co-channel interference.
Observation 2: Dual connectivity may be supported both with and without simultaneous receptions/transmissions at UE. Some further studies may be needed in RAN1, e.g., on reception timing requirements, UE transmission power management, and co-channel resource coordination.
3) Will dual connectivity exist in both separate and same frequency scenarios?
The spectrum availability to an operator impacts its decision of deploying macro and small cell layers on different frequencies or on the same frequency. It is concluded in TR 36.932 that both co-channel and inter-frequency deployment scenarios should be considered for small cell enhancement. As dual connectivity can be maintained on the higher layers of protocol architecture, it is possible to make it work for both co-channel and inter-frequency deployment of small cells, with proper support of PHY layer [4].
Observation 3: dual connectivity can work for both co-channel and inter-frequency deployment of small cells.
4 Simulation of dual connectivity and evaluation of its benefits
It is stated in TR 36.932 [2] that “Small cell enhancement should support significantly increased user throughput for both downlink and uplink with main focus on typical user throughput …”, and that study of mobility enhancement “should be targeted with good performance for mobile speeds up to 30 km/h” and “Mobility enhancements for higher speeds (e.g. 50-80 km/h) in small cell enhancements, …, can be studied in succeeding study items.” Therefore, throughput and mobility performance should be the main metrics to evaluate benefits of dual connectivity.
Proposal 2: the benefit of dual connectivity should be evaluated based on the metrics of throughput and mobility performance.
UPT (Ueser Perspective Throughput) can be used to measure throughput experienced by individual UE. It is defined below based on the amount of data received at UE and the incurred transmision delay:
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The average UPT of all the packets from macro cell is denoted as 
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 would be the resultant UPT. When dual connectivity is not applied, UE is assumed to always receive data from the cell with the better UPT performance. Hence, 
[image: image5.wmf])

,

max(

macro

pico

UPT

UPT

is used for the UE’s UPT when it is not in dual connectivity mode. The benefits of throughput gain can then be measured as
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In the simulation, CP-UP split and UP-UP split are employed to enhance the performance of mobility and throughput, respectively. 
Table2, Split schemes for dual connectivity in the simulation
	Split Scheme
	Mechanism
	Benefit 

	CP-UP split 

	· To decouple a UE’s control plane from its user plane
· The UE can have RRC connection on macro layer and data connection on the small cell layer
	· To improve mobility performance by reducing the number of handovers when UE moves around small cells

	UP-UP split (Data split)

	· UE can have data connections with both macro and small cells
	· To improve throughput performance

· To improve user experience by carrying real time service (e.g.,  VoIP) on macro and best effort services on small cells 


Simulations were performed with a dynamic radio system simulator with realistic path loss and shadow fading models implemented. There are 19 macro cells, each with 3 sectors. For each macro cell sector, there are four pico cells randomly deployed in its area. The transmit power of macro cell is 46 dBm and that of pico cell is 30 dBm. Both macro and pico cells operate on 10 MHz bandwidth. 
When dual connectivity is simulated, data packets of downlink connection are split and transmitted from both macro and pico cells. If macro cell operates on one carrier frequency and pico cells on another carrier frequency, both macro and pico cells are allowed to transmit downlink data packets to UE in any sub-frame according to their own scheduling decisions. If macro and pico cells are deployed on the same carrier frequency, interference coordination is accomplished by having macro and small cells take turns transmitting data to UE in dual connectivity mode, according to a semi-static subframe pattern.
Figure 1 compares the number of handovers between small cell deployments with dual connectivity and without dual connectivity. 1425 UEs are uniformly dropped within simulation area, and move straight line at random direction with wrap around. It is observed that the number of handovers has been reduced by about 72%. This kind of benefit would be higher, if more pico cells are deployed in macro’s coverage.
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Figure 1, The handover number comparison

Figure 2 shows the UPT gain of dual connectivity, for both co-channel and inter-frequency deployment of macro and pico cells. For the inter-frequency scenario, all UEs in pico coverage are counted when UPT comparison is performed, since they can all be configured with dual connectivity. For the intra-frequency scenario, however, UEs at the centre area of pico cell would not be able to receive data well from macro cell. That is, dual connectivity can only be applied to the UEs at the edge of pico cell coverage. Hence, only UEs at the borders between macro and pico cells are counted in the UPT gain computation.
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Figure 2, UPT gain of dual connectivity
It can be observed from Figure 1 and Figure 2 that dual connectivity improves throughput and mobility performance, for both co-channel and inter-frequency deployment of small cells.
Observation 4: dual connectivity improves throughput and mobility performance, for both co-channel and inter-frequency deployment of small cells.
Proposal 3: RAN2 is kindly requested to study enhancements to support dual connectivity for co-channel and inter-frequency deployment of small cells.
5 Potential enhancement to implement dual connectivity
As discussed in Section 3, dual connectivity to macro and small cell layers may be served by different eNBs, linked with non-ideal backhaul. This means centralized scheduling becomes ill-fitted for dual connectivity, due to bakckhaul’s latency, jitter and capacity. Hence, R11 CA/CoMP protocol architecture, which is designed assuming centralized scheduling, can not be applied to implement dual connectivity. The realization of dual connectivity thus needs enhancements to facilitate data handling at multiple eNBs and aggregation at UE of data streams on multiple connections.
Dual connectivity can exhibit in forms of CP-UP split or UP-UP split, as evaluated in Section 4, to improve mobility and throughput performance, respectively. Both forms can, however, be achieved by applying common enhancement of enabling UE to aggregate multiple data streams from different nodes. That is, benefits of dual connectivity, on throughput and mobility performance, can be achieved by multi-stream aggregation at UE, either for SRB/DRB on different nodes or for DRB on multiple nodes. 
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A) Multi-stream aggregation at UE
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B) Multi-stream aggregation of UE bearers 
Figure 3, Multi-stream aggregation at UE and data split at network
Figure 3 illustrates multi-stream aggregation at UE for dual connectivity. In Figure 3A, UE receives packets of its bearers from macro and pico cells. Bearer 1 is only transmitted from macro cell. Bearer 2 is transmitted from both macro and small cells. Hence, UE needs to perform multi-stream aggregation on connections to macro and small cells. The mapping of UE’s bearers on macro and small cells is depicted in Figure 3B. For example, UE is served with two bearers: one is for real time traffic, and the other one is for best effort traffic. UE’s real time traffic is only transmitted on the macro cell. At the same time, UE’s best effort traffic can be carried on both macro and small cells. Furthermore, it can be configured that all packets of bearer 2 are transmitted from pico cell. That is, data split is performed on a radio bearer base. A special case would be all data radio bearers are transmitted on small cells and only RRC messages are transmitted on macro cell, which leads to the CP-UP split case.
Observation 5: Dual connectivity can be achieved by enabling the transmission of a UE’s RB data on multiple nodes.
Proposal 4: Common protocol architecture should be studied to support dual connectivity across nodes for throughput and mobility enhancement.
Proposal 5: RAN2 is kindly requested to study enhancement of protocol architecture to support multi-stream aggregation at UE for connections to macro and small cells.
6 Conclusion

The feasible scenarios and the benefits of dual connectivity are evaluated for small cell deployment, by:

· Formulating scenario models for simulation based on the target deployment layout identified for small cells in TR 36.932 [2];
· analyzing the system feasibility in these scenario models, in terms of the multitude of serving eNBs and the relation to simultaneous transmissions/receptions on PHY layer;
· after that, performing simulation and evaluating numerical results, according to the performance requirements determined in [2]; and
· Finally, identifying potential enhancement needed to realize dual connectivity to both macro and small cell layers.
Proposal 1: the following scenarios should be studied for the feasibility of applying dual connectivity

· With co-channel macro coverage, UE speed up to 60 km/h, non-ideal backhaul between macro and small cells;

· With macro and small cells on separate carriers, UE speed up to 60 km/h, non-ideal backhaul between macro and small cells.
Observation 1: dual connectivity to macro and small cells may be served by different eNBs.
Observation 2: Dual connectivity may be supported both with and without simultaneous receptions/transmissions at UE. Some further studies may be needed in RAN1, e.g., on reception timing requirements, UE transmission power management, and co-channel resource coordination.

Observation 3: dual connectivity can work for both co-channel and inter-frequency deployment of small cells.
Proposal 2: the benefit of dual connectivity should be evaluated based on the metrics of throughput and mobility performance.
Observation 4: dual connectivity improves throughput and mobility performance, for both co-channel and inter-frequency deployment of small cells.
Proposal 3: RAN2 is kindly requested to study enhancements to support dual connectivity for co-channel and inter-frequency deployment of small cells.
Observation 5: Dual connectivity can be achieved by enabling the transmission of a UE’s RB data on multiple nodes.

Proposal 4: Common protocol architecture should be studied to support dual connectivity across nodes for throughput and mobility enhancement.
Proposal 5: RAN2 is kindly requested to study enhancement of protocol architecture to support multi-stream aggregation at UE for connections to macro and small cells.
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8 Annex: simulation assumption
	Parameter
	Setting

	Simulation Time
	30s

	Warm up Time
	3s

	Deployment scenario
	19 macro nodes

3 macro sectors/nodes
4 pico nodes/macro sector

1 pico cell/pico nodes

	pico node distribution
	Uniform

	UE distribution
	Uniform

	ISD
	500 m

	Minimum distance between pico node and macro nodes
	>=75m

	Minimum distance between UE and macro node
	>= 35m

	Minimum distance between UE and pico node
	> 10m 


	Minimum distance among pico nodes
	100 m

	Maximum eNodeB transmit power
	Macro: 46 dBm

Pico: 30 dBm

	Indoor penetration loss
	20dB

	Subframe alignment
	SFN-aligned

	Frequency 
	2GHz

	Bandwidth
	10 MHz

	Cyclic prefix
	Normal

	Number of PDCCH symbols per TTI
	3

	Distance-dependent path loss
	128.1 + 37.6Log10(r)

Note: macro cell model 1 in TS 36.814

	Standard deviation
	8dB

	Correlation between cells/sectors
	0.5/1.0

	Correlation distance
	50m

	Multipath delay profile
	Typical Urban

	Handover parameters

（For Figure 1）
	UE move speed
	3,30,60 km/h

	
	UE move direction
	constant

	
	Traffic model
	Full buffer

	
	A2 offset
	-98dBm

	UPT parameters

(For Figure 2)
	UE move speed
	0

	
	Traffic model
	Burst

	
	Packet size
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	Packet arrival
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	Distribute method
	Distribute to the eNB with better geometry
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