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1.  Introduction
A study item “Small Cell Enhancements – Physical-layer Aspects” was approved at RAN#58 [1]. The objective of this study is to identify potential enhancements to improve the spectrum efficiency as well as efficient small cell deployment and operation, to meet the requirements targeted for small cell enhancements in the identified scenarios in TR36.932 [2], and evaluate the corresponding gain, standardization impact and complexity. 
The study shall include:
· Physical layer study and evaluation for small cell enhancement higher-layer aspects, in particular concerning the benefits of mobility enhancements and dual connectivity to macro and small cell layers and for which scenarios such enhancements are feasible and beneficial.

In RAN1 #72 and #72bis meetings, some analysis on benefits and impact of dual connectivity were provided [3] – [11]. In this contribution, we present our further views on dual connectivity.
2. Motivations and benefits of dual connectivity

In this section, the motivation and benefits of dual connectivity are analyzed.
Mobility management
As the number of small cell increases, especially for dense small cell deployment, the frequency of handover and handover failure rate will increase dramatically. With dual connectivity, UE keeps RRC connection in macro cell and is linked to small cell simultaneously with, e.g., Scell activation, for data offloading. Thus, frequent handover can be avoided.
UL/DL split
In heterogeneous deployment, due to the power imbalance, the best cell connected for one UE in DL and UL may be different. For example, with the principle of RSRP-based cell selection, the best cell in DL can be macro while the best cell in UL can be small cell. The UL/DL split can be realized through dual connectivity.
Optimization for small cell

With dual connectivity, if UE keeps RRC connection in macro cell, the performance for small cell can be further optimized. For example, if some C-plane functionalities, e.g., RRC connection, mobility management, system information, paging, are only needed to be transmitted in macro cell, the corresponding resources for small cell can be saved and used for data transmission.
Small cell discovery
Further enhancements for fast and efficient small cell discovery are desired, especially for dense small cell deployment. With dual connectivity, macro cell is possibly able to help UE to detect the nearby small cell more effectively with some information exchange. If small cells are well planned and deployed by the operator, the network can know the relevant information of small cells, e.g., GPS information, and transmission power. With this kind of information exchange, UE will only need to detect the small cells when the small cells are nearby. Thus, the potential unnecessary detection may be avoided and UE battery can be saved.
3. Backhaul assumption
In RAN1 #72 meeting, the following agreements on backhaul assumption were reached
In the evaluations of small cell physical layer enhancements,
· both ideal backhaul and non-ideal backhaul can be considered for the following interfaces:

· between the small cells within the same cluster

· between a cluster of small cells and at least one macro eNB

· non-ideal backhaul  is assumed for all other interfaces
For ideal backhaul between macro cell and small cell, dual connectivity can already be supported in Rel-10 CA scenario 4 or Rel-11 CoMP with distributed RRUs. Dual connectivity for non-ideal backhaul is more challenging and more standardization efforts are needed than that for ideal backhaul. Thus, RAN1 should focus on dual connectivity for non-ideal backhaul in Rel-12.
Observation:

1) Dual connectivity can already be supported for ideal backhaul, and RAN1 should focus on dual connectivity for non-ideal backhaul.
4. Dual connectivity for non-ideal backhaul
In this section, the possible impacts on PHY layer are analyzed.
4.1. Simultaneous transmission/reception
Dual connectivity can possibly be realized in following two approaches:
a) Simultaneous transmission/reception

For co-channel deployment, simultaneous transmission/reception seems not reasonable due to the mutual interference between macro cell and small cell. For non-co-channel deployment, whether simultaneous transmission/ reception can be supported depends on the UE capability and test complexity in RAN4. From RF complexity point of view, simultaneous transmission in the UL is more challenging than simultaneous reception in the DL.
b) TDM based transmission/reception

In the TDM based approach, UE shall transmit in UL or receive in DL either in macro cell or in small cell in one subframe. It can ease the UE RF requirement, but the problem brought by such TDM based approach should be addressed, e.g., HARQ timing. 
Observation:

2) Whether simultaneous transmission/reception can be supported need to be investigated.
3) Simultaneous transmission in the UL is more challenging than simultaneous reception in the DL.
4) TDM based transmission/reception can be considered as an alternative option for simultaneous transmission/reception.
4.2. Random access for small cell

In Rel-10 CA, Scell can be configured and activated by Pcell and Pcell can configure the TA for Scell. For HetNet deployment with non-ideal backhaul, macro cell and small cell can be unsynchronized. In that case, it’s not proper for macro cell to configure TA for small cell. 
Observation:

5) Random access should be studied for small cell with dual connectivity.
4.3. UCI on PUCCH
In Rel-10/11 CA mechanisms, UCI carried on PUCCH is always transmitted in Pcell considering the UE power limitation and channel quality. With dual connectivity for non-ideal backhaul, due to the non-negligible latency on backhaul, UCI, e.g. ACK/NACK, CSI reporting, carried on PUCCH should be independently transmitted to macro cell and small cell. If UE keeps RRC connection on macro cell, i.e. macro cell as Pcell, and small cell is used as Scell, PUCCH should be introduced on Scell inevitably.
Observation:

6) PUCCH on Scell should be introduced for dual connectivity for non-ideal backhaul.
4.4. Power control for simultaneous transmission
Power control for simultaneous transmission of PUCCH and PUSCH is studied in Rel-10 CA mechanism. However, power control for Rel-10 CA is based on that component carriers are co-located or ideal backhaul with RRUs are assumed. For non-ideal backhaul, due to the non-negligible latency, power control command cannot be transferred timely between macro cell and small cell. Thus, power control in Rel-10 CA cannot support dual connectivity for non-ideal backhaul.
Observation:

7) Power control in Rel-10 CA cannot support dual connectivity for non-ideal backhaul.
4.5. Dual connectivity with NCT in small cell
If legacy carrier is adopted in small cell, i.e., legacy UE can access to small cell, all the necessary channels or signals should be kept. On the other hand, if NCT is adopted in small cell, the design can be optimized with dual connectivity. Table I summarizes the possible impacts of dual connectivity on PHY channel/signal if NCT is adopted in small cell.
Table I Possible impacts of dual connectivity on PHY channel/signal for small cell
	PHY channel/signal
	Possible impact

	PSS/SSS
	New discovery signal

	PBCH
	Removed

	CRS
	Reduced or removed

	ePDCCH (CSS)
	Some signaling removed, e.g., paging

	PRACH
	Different design

	PUCCH
	Introduced for Scell


Observation:

8) Dual connectivity is beneficial for performance optimization if NCT is adopted for small cell.
5. Conclusions
In this contribution, we discuss the motivation and benefits of dual connectivity, and analyze the possible standardization impacts on PHY layer, with dual connectivity introduced. Our observations are as follows,
Observation:

1) Dual connectivity can already be supported for ideal backhaul, and RAN1 should focus on dual connectivity for non-ideal backhaul.

2) Whether simultaneous transmission/reception can be supported need to be investigated.
3) Simultaneous transmission in the UL is more challenging than simultaneous reception in the DL.
4) TDM based transmission/reception can be considered as an alternative option for simultaneous transmission/reception.
5) Random access should be studied for small cell with dual connectivity.

6) PUCCH on Scell should be introduced for dual connectivity for non-ideal backhaul.
7) Power control in Rel-10 CA cannot support dual connectivity for non-ideal backhaul.
8) Dual connectivity is beneficial for performance optimization if NCT is adopted for small cell.
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