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1 Introduction

At last RAN#58 meeting, the new Rel-12 study item on small cell enhancements - higher-layer aspects was agreed in [1]. The study of dual connectivity support is one main objectives of the SID. According to the work plan proposal in [2], the feasible scenarios for dual connectivity support and benefits of such an approach are to be discussed in RAN2#81. In this contribution, we provide our views on scenarios and benefits of dual connectivity support. 
2 Discussion
Dual connectivity support in the current standard and its limitation:
Dual connectivity in terms of providing communication involving multiple transmission paths has already been considered under CA and CoMP in Rel-11. 

Dual connectivity can provide improved mobility depending on the architecture. For example, at least one radio link with sufficient quality is the minimum requirement for the UE connectivity and therefore, radio link failure would only occur if both radio links become weak. In a scenario where small cell is overlaid by EUTRAN macro cell layer, radio link between the UE and macro cell provides sufficient quality to maintain the connectivity. Therefore the handover procedure is not essential when the UE is moving out of the small cell coverage if dual connectivity is considered with small and macro cell. This also means reduction in radio link failure rate and interruption time due to the mobility procedure.  

CA provides a way to have connectivity to more than one cell on different carrier frequencies. PCell acts as mobility anchor and is in charge of the mobility procedure. The selection of PCell may be based on the radio link quality or network policy and the PCell can be initiated by the network using the handover procedure. Rel-11 enhancement was focused on intra-site CA and when considering inter-site CA (eg: scenario 4), ideal backhaul link was assumed. Moreover, deployment scenarios, involving eNBs from different vendors, were not considered in Rel-11 CA. 

Co-channel enhancement with use of multi path communication between the UE and multiple eNBs was considered under CoMP. Similar to Rel-11 CA, the deployment scenarios were limited to ideal backhaul and intra-vendor equipments and as such e.g. the enhancements for user plane data forwarding over X2 was not considered.   
The current standard, therefore, has limitation to dual connectivity support for scenarios involving ideal backhaul link and intra- vendor network. 

Observation 1: The dual connectivity support is limited to the scenarios involving ideal backhaul and intra-vendor network in the current standard.

Deployment scenarios for dual connectivity enhancements:
As discussed above, dual connectivity could be defined as the UE support for simultaneous communication to more than one cell. The UE should be in the coverage area of both cells (macro and small cell) for possible dual connectivity to the network. Therefore, the primary scenario for small cell dual connectivity study is where the small cell has been deployed under the coverage of one or more overlaid E-UTRAN macro cell layers.
If the scenario where small cell nodes are not deployed fully under the coverage of overlaid E-UTRAN macro-cell layer is also considered for dual connectivity, the enhancement may only focus on the cell edge region which may be within the coverage of both macro and small cell. The scenario is also covered under scenario 2 of Rel-11 CoMP WI for intra-vendor cell deployment. Inter-vendor deployment scenario may be covered under the proposed enhanced CoMP WI for Rel-12. 

Dense small cell deployment is another deployment scenario identified in TR 36.932. In a dense small cell scenario, a lot of small cell nodes are deployed to support large amount of traffic over a relatively wide area covered by the small cell nodes. Example scenarios are large shopping mall or dense urban area. The study area on dense/cluster small cell deployment scenario is clearly stated within the physical layer enhancement SID. Small cell discovery, interference coordination among small cells, multi-carrier deployments in the small cell layer and dynamic on/off of small cells are to be studied in RAN1. Any RAN2 work on dense/cluster small cell scenarios should follow the RAN1 work/recommendation. 

The dual connectivity study in RAN2 therefore should focus on the deployment scenario where small cell is deployed under the coverage of one or more overlaid E-UTRAN macro cell layers. Additional enhancements study for dense small cell deployment should follow the recommendation from RAN1 study. 
Proposal 1: RAN2 to focus/prioritize dual connectivity enhancements study for hotspots scenario involving sparse deployment of small cells in overlaid macro coverage area.
Co-channel dual connectivity scenarios:
The SID listed the small cell enhancement considering co-channel and non co-channel deployment scenarios. 
1. Non co-channel deployment scenario: small cells supporting carrier aggregation bands that are not co-channel with the macro layer or carrier aggregation on the macro layer with bands X and Y, and only band X on the small cell layer.

2. Co-channel deployment scenario: small cells supporting carrier aggregation bands that are co-channel with the macro layer.

Co-channel scenario is considered under Rel-11 CoMP enhancements. In scenario 3 of CoMP scenarios, the co-channel small cells are located within the coverage of macro cell. However, Rel-11 CoMP enhancements only focused deployment involving ideal backhaul link and intra-vendor operation. Unless non-ideal backhaul link and inter-vendor operation for CoMP scenario 3 to be discussed under the proposed eCoMP WI, dual connectivity for co-channel should also be considered in this SID.

Proposal 2: RAN2 to discuss which WI/SI to study small cell enhancements considering co-channel deployment scenarios.
Basic requirements of the dual connectivity support:
The primary target of small cell enhancement study is the capacity boost of the cellular network especially in the hotspots area. Operator deployed small cell scenario takes higher priority than the user deployed scenario such as small cell nodes deployment in office building by organisation users. Small cell enhancement should aim at low network cost. This should allow for both low CAPEX and OPEX. 
The existing macro and small cell may be upgraded with new small cell enhancement functionality. Thus, the pre Rel-12 UE should be able to access the small cell. Moreover, the small cell should also be able to serve the UEs standalone. Multi-vendor inter-operability between the overlay macro and in building standalone capable small cells should be supported.
Proposal 3: It is important to consider the inter-vendor equipment interoperability, backward compatibility and small cell standalone support in the small cell enhancement study.

Both ideal backhaul and non-ideal backhaul should be studied for small cell enhancement. Non-ideal backhauls are widely used in the market and provide low implementation cost. DSL Access is an example of non-ideal backhaul and the round trip latency over DSL Access could take values up to 120ms. Note that DSL Access has been identified as one of the highest priority backhaul link in TR 36.932. Large round trip delay on the backhaul link makes it difficult to design a common scheduler for communications between the UE and macro and small cell. 
The scheduler implementation may have differences between the eNBs provided by different vendors. If a common scheduler is to be used, a scheduler at the macro eNB requires to schedule the radio resources of small cell for dual connected UEs. Moreover, the small cell is also required to schedule resources for UEs who are directly connected to the small cell (standalone operation). Pre-partitioning of small cell radio resources or tight coordination among macro and small cell schedulers are needed to support allocation of the radio resources belonging to the same link from two different nodes. Considering inter-vendor support and non-ideal backhaul latency, separate scheduler operation should be studied for support of dual connectivity.

Proposal 4: The use of separate scheduler for macro and small cell should be studied for dual connectivity support.

Even though dual connectivity support may provide improved mobility in macro-small cell deployment scenario, this doesn’t provide justification for the control/user plane split (support of control and user plane in different nodes) or radio bearer split between the macro and small cells. Control/user plane or radio bearer level split compared to non bearer level split should be studied with respect to:

A: Reliability of small cell link quality. 

B: Significant simplification of E-UTRAN architecture.
HetNet mobility enhancements SI showed that HO performance from pico cells to macro cells has the highest HO failure rate. So using the pico cell as the PCell can result in higher RLF and HO failure rates. However, with dual connectivity, it is always possible to use the macro cell as the PCell to avoid this increased HO failure. Initiating or releasing the dual connection to the small cell can also be done without using mobility procedures.  

Note that QoS of the different transmission paths in CA and CoMP is assumed to be comparable in Rel-11.  Thus, if the same assumption holds when considering Rel-12 deployment scenarios, the CP and UP data flows are not required to be differentiated based on transmission paths (i.e.: support of control and user plane in different nodes). In case, where the link quality of small cell may be unreliable, the split of logical channels over different paths may be beneficial. For example, if the link quality of the small cell requires increased RLC level retransmissions, it can lead to increased delay in transmission which can impact performance for logical channels such as SRBs sensitive to delay. It can also result in higher packet loss for RLC-UM bearers. These scenarios should be clearly identified and benefits quantified. 
In architecture where control/user plane split is considered, control plane (RRC) and S1-MME may terminate at the macro cell while user plane and S1-U terminates at the small cell or macro cell. The radio bearer establishment for the traffic delivered over small cell may require to be performed by the macro cell. The co-ordination between the macro and small cell for RB establishment especially in an inter-vendor deployment scenario should be considered in the study. 

Dual connectivity support with and without control/user plane split should be evaluated to identify potential small cell enhancements. 

Proposal 5: Multi-vendor dual connectivity support with and without control/user plane split should be studied. 

3 Conclusions

This contribution discusses the limitation of current standard for supporting dual connectivity and deployment scenarios and basic requirement of the dual connectivity support and small cell enhancement study.  The following observation and proposals are made:
Observation 1: The dual connectivity support is limited to the scenarios where ideal backhaul and intra-vendor network in the current standard.

Proposal 1: RAN2 to focus/prioritize higher-layer enhancements study for hotspots scenario where sparse deployment of small cells in overlaid macro coverage area.
Proposal 2: RAN2 to discuss which WI/SI to study small cell enhancements considering co-channel deployment scenarios.
Proposal 3: It is important to consider the inter-vendor equipment interoperability, backward compatibility and small cell standalone support in the small cell enhancement study.

Proposal 4: The use of separate scheduler for macro and small cell should be studied for dual connectivity support.

Proposal 5: Multi-vendor dual connectivity support with and without control/user plane split should be studied. 
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