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1      Introduction
Small cell higher layer study item was approved in RAN#58 meeting [1]. Dual connectivity is one of the study areas for small cell enhancements. According to the proposed work plan [2], RAN2 may start to identify feasible scenarios and benefits for dual connectivity. This contribution focuses on these aspects.
2      Discussion
In current LTE systems, when a UE served by a macro cell is moving close to a small cell, it can be handed-over to the small cell allowing the UE to enjoy boosted data rates. Because the small cell has a small coverage area, it is likely that, during the same connection, the moving UE would need to be handed-over back to the macro cell or another small cell as soon as the UE starts to move out of the small cell coverage. Mobility performance in such HetNet deployment may be negatively impacted by such frequent handovers compared to a homogeneous macro-only deployment. One enhancement to make the connection more robust is to allow UE to keep dual connectivity with both macro cell and small cell, where the macro cell serves as a PCell for the UE. Such dual connectivity is similar to Carrier Aggregation (CA), with the difference that here the macro eNB and small cell eNB are separate infrastructure nodes, i.e., this may be referred to as an inter-eNB CA. 
A typical use case for dual connectivity is illustrated in Figure 1 below.

[image: image1.emf]Macro cell

Smallcell 1

f1

f2

Smallcell 2

t1

t2 t3 t4 t5

t1: macro cell

t2: add small cell 1

t3: remove small cell 1

t4: add small cell 2

t5: remove small cell 2


Figure 1: Use case for dual connectivity
2.1     Scenarios for Dual Connectivity
Target scenarios for small cell enhancements are discussed in section 6 of TR 36.932 [3]. 
Ideal backhaul is applicable for dual connectivity. For non-ideal backhaul, the specific latency requirements for the backhaul will depend on the type of signaling and level of interaction required between the macro cell and the small cell. The type of architecture chosen to support the dual connectivity approach will affect this level of interaction and will have different latency requirements. Possible architectures to support dual connectivity are discussed in the next section of this paper. RAN2 should further study the latency requirements corresponding to the different architecture options in order to evaluate the complexity and feasibility of supporting dual connectivity with non-ideal backhaul. 
In Rel-10 CA, it is assumed that frame timing and SFN are aligned for the aggregated serving cells and a UE should cope with a relative propagation delay difference up to 31.3us among the component carriers to be aggregated in inter-band non-contiguous CA. Under this synchronization requirement, the reception timing difference does not affect MAC operation. In TR 36.932, both synchronized and unsynchronized scenarios should be considered between small cells as well as between small cells and macro cell(s). If the cells are synchronized, the reception timing is mainly affected by the propagation delay in corresponding cell. Therefore, the similar reception timing requirement could be applied. However, it should be confirmed during study item. In case of unsynchronized deployment, the timing requirement is not clear i.e., how much is the difference on transmit timing between the macro cell and small-cell and how much reception timing difference the UE can cope with. Therefore, we believe synchronization requirement should be further discussed in RAN2. In addition, if the reception timing requirement is decided to be larger than 31.3us, it should be further discussed possible impacts on timing sensitive UE operation e.g., HARQ operation, simultaneous uplink transmission and etc.  

From spectrum perspective, the main target scenario for dual connectivity is that macro layer and small cell layer are on different frequencies. If macro layer and small cell layers are in the same frequency layer, then it is very challenging to maintain the connection to macro cell when UE moves into the coverage of small cell.
In Table 1 below, we tabulate relevant factors and summarize above discussion. A typical scenario for dual connectivity based on previous discussion is that small cells and macro cells are deployed in different frequency layers and the small cells are deployed under the coverage of macro cells.
Table 1: Scenario for dual connectivity
	Scenarios

	Requirements for dual connectivity

	Deployment
	With and without macro coverage
	Small cell nodes are deployed under the coverage of one or more than one overlaid macro-cell layer(s).

	
	Outdoor and indoor 
	Small cell nodes can be either outdoor or indoor.

	
	Ideal and non-ideal backhaul


	Ideal backhaul is supported. RAN2 should further study the latency requirements corresponding to the different architecture options in order to evaluate the complexity and feasibility of supporting dual connectivity with non-ideal backhaul.

	
	Sparse and dense
	Both sparse and dense small cell deployments are applicable.

	
	Synchronization
	In case of synchronized deployment, RAN2 to confirm whether similar reception timing requirement as Rel-10 CA could be applied. For unsynchronized deployment, RAN2 to study the requirements and impacts on UE operation.

	Spectrum
	The main target scenario is that macro layer and small cell layer are on different frequencies.

	Backward compatibility
	For small cell, backward-compatibility is desirable, while non-backward-compatible features can be considered if justifiable.


2.2     Architectures for Dual Connectivity
For dual connectivity operation, one approach is that macro eNB carries Control Plane in order to handle UE mobility. There are mainly two aspects to be considered for dual connectivity architectures. The first aspect is whether the macro eNB handles EPS bearers or not. If the macro eNB does not handle EPS bearers, the User Plane is then handled by small cell eNB alone. In this case, we can consider that Control Plane and User Plane are split. If macro eNB can also handle EPS bearers, Control Plane and User Plane can coexist in the macro eNB, which is the same as current systems.

The other aspect is how to route the EPS bearers handled by small cell. There are basically two approaches. In the first approach, denoted as S1 approach, the small cell eNB, once configured by the macro eNB, directly communicates with S-GW via the S1 interface. In the second approach, denoted as X2 approach, the macro eNB needs to forward the data to the small cell eNB via the X2 interface, and the macro eNB also needs to be able to receive the data from the small cell eNB and send it over the S1 interface to the S-GW.
Figure 2 below illustrates these four possible combinations when considering these two aspects. 
In C/U split architectures (a) and (b), latency analysis is important since only small cell eNB handles EPS bearers which may carry delay sensitive services.
In architecture (c) C/U coex + S1 approach, some modifications for S-GW are required since the S-GW needs to transmit to two eNBs simultaneously towards a single UE. 
Note that in architecture (d), there are two colors used between macro eNB and S-GW: the blue color is used to indicate EPS bearers handled by macro eNB and the red color is used to denote EPS bearers handled by small cell eNB. 
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Figure 2: Architectures for Dual Connectivity 

2.3     Protocol Structures for Dual Connectivity
For protocol architecture, the important aspect is how to route the EPS bearers handled by small cell, i.e. S1 approach versus X2 approach.
For S1 approach, one potential radio protocol structure is shown in Figure 3 below (note that one DRB is handled by macro eNB, but the discussion is also applicable when macro eNB does not handle DRBs). In this example, the small cell eNB communicates with S-GW via S1 interface directly. Since PDCP is handled separately by macro eNB and small cell eNB, there might be security impacts since only one KeNB is used in current systems.
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Figure 3: Radio protocol structure of S1 approach (eNB side)
For X2 approach, one potential radio protocol structure is shown in Figure 4 below. In this example, PDCP layer for radio bearers 2 and 3 are handled by the macro eNB. The small cell eNB handles RLC/MAC/PHY of radio bearers 2 and 3. 
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Figure 4: Radio protocol structure of X2 approach (eNB side)
2.4     UE Support of Dual Connectivity

Based on the discussion above, the support of dual connectivity by the UE will require that the UE is able to receive data from two different cells. As long as UE supports carrier aggregation in the downlink, UE can receive data from two cells if the synchronization requirement is satisfied as discussed before. For uplink, there are several options depending on UE’s capability of UL CA:

· UE supports UL CA, i.e. UE can communicate with macro and small cells simultaneously.

· UE only supports one UL CC at a time. In this case, one possible approach is UE transmits to macro and small cells in a TDM manner. In this option, UE can only transmit at a subset of subframes in UL for a certain cell. Due to HARQ timing relationship, UE can only receive in a subset of DL subframes for a certain cell. The implication of such limitation and its dependency on protocol architecture of dual connectivity needs to be carefully investigated.
2.5     Mobility Performance of Dual Connectivity

It is important to note that when evaluating the benefits and impacts of dual connectivity and its possible architectures, the UE speed is an important factor. For low mobility, currently an inter-frequency handover is performed. If small cell deployment is sparse, then there is no mobility performance problem as UE speed is low. If small cell deployment is dense, there might be ping pong issues when the UE stays in the small cell layer. Using dual connectivity can solve the ping-pong issue since handover is only needed when UE moves to the coverage of another macro cell. 
For medium to high mobility UEs, currently the UE will stay on macro cell. For the case of dual connectivity, UE may get served by small cells in an opportunistic ‘booster’ way, which gives some improvement to the data throughput. However, since the UE is in high speed, it is not clear what the percentage of time the UE gets the data boost. In dual connectivity there is some overhead since data needs to be routed back and forth between macro and small cell as the UE moves in/out of the small cell coverage area. The data routing can be through S1or X2, depending on the architecture option. 
Therefore, it is necessary to further study for which UE speed range and small cell deployment scenarios, dual connectivity can improve mobility performance.
2.6     Challenges and Benefits
In addition to some aspects discussed above (e.g. UE support), there are several other challenges that need to be addressed in order to support dual connectivity. 

· In order to handle the separation of Control Plane and User Plane between the macro cell and the small cell, new X2 signalling must be added to allow for the coordination of the UE connection. The UE will be connected to two cells, but the RRC connection is maintained with the macro cell only. New signalling and latency requirements must be defined for the X2 interface. X2 signalling for radio resource control must be robust enough to handle such dual connectivity scenario.
· If the X2 approach discussed above is used, then traffic load over the X2 interface will increase due to data forwarding between the macro eNB and the small cell eNB. Flow control mechanisms might be needed between the macro eNB and the small cell eNB to handle the user plane data transmission over the X2 interface. Each EPS bearer has its own QoS, but in either of the approaches considerations must be taken into account in order to make sure the QoS can be guaranteed. Latency could be an issue if the X2 interface is not ideal.
The benefits of dual connectivity are as follows:
· Potentially better mobility performance as discussed previously.
· Minimized UE context transfer and signaling to CN. Since macro cell serves as the PCell, UE context transfer can be minimized for both S1 and X2 approach. For X2 approach, the signaling to CN can be further minimized as CN is rarely involved when UE is moving in or out of small cell coverage. This is further discussed in [4].
3      Conclusion
In this contribution, we identify typical deployment scenarios, potential architectures, challenges and benefits of dual connectivity. Two main benefits of dual connectivity are mentioned as minimized UE context transfer and signaling to CN and potentially better mobility performance. 
Based on our initial analysis, RAN2 should further investigate:

· Study the backhaul latency requirements corresponding to the different architecture options in order to evaluate the complexity and feasibility of supporting dual connectivity with non-ideal backhaul
· In case of synchronized deployment, RAN2 to confirm whether similar reception timing requirement as Rel-10 CA could be applied. For unsynchronized deployment, RAN2 to study the requirements and impacts on UE operation
· Impact of RRC procedures to handle the separation of control plane and user plane

· Study of possible architectures, i.e., X2 approach versus S1 approach, and definition of the protocol stack structure to be supported
· Evaluate the impact/requirements imposed on UE to support dual connectivity, e.g. how/whether UE with single UL CC can be supported
· For which UE speed range and small cell deployment scenarios, dual connectivity can improve mobility performance
· Impact on X2 interface in order to support dual connectivity: 
· New signalling needed between macro cell and small cell

· Analysis of possible flow control procedures to handle the traffic flow between macro and small cell
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