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1 Introduction
At RAN Plenary #58, a study item (SI) for enhancements to small cells for LTE was agreed and described in [1]. One objective of the SI is to evaluate the possible benefits of dual connectivity to a macro “layer” and to a small cell “layer”. The term layer is used in this document to refer to a UE operation using one or more serving cell(s) of a given eNB.
At RAN2#81, three target scenarios were defined: macro with intra-frequency small cells deployment (scenario #1), macro with inter-frequency small cells deployment (scenario #2) and small cells only deployment (scenario #3) [6].

Email discussion [81#32] then focused on challenges to address within this SI. The challenges discussed [7] include:

1) UL/DL power imbalance at least for scenario #1;

2) Increased signaling load due to an increase in HO frequency (by 55% to 85% for deployments between 2 to 10 small cells per macro) for scenarios #1 and #2;

3) How to improve user throughput with non-ideal backhaul by applying COMP/CA techniques, for all scenarios;

4) How to apply QoS differentiation, for all scenarios;
5) Cell edge performance with rapidly changing performance, for all scenarios;

During this discussion, it was also mentioned that techniques such as (F)eICIC or a UL/DL split may help address the power imbalance issue and the performance at cell edge. It was also mentioned that traffic splitting at the bearer level could be beneficial for QoS differentiation as well as to improve user throughput. Multi-flow/multi-stream bearers, where the UE may receive/transmit data for a given bearer from/to different eNBs has also been mentioned.

The above indicates that some form of connectivity to multiple eNBs (or equivalently, layers) may help address some of the identified challenges. It is thus our understanding that the definition of the target scenario #1 and #2 in combination with the challenges discussed maintains the relevance of a discussion on dual connectivity, at least for those scenarios.
According to the proposed work plan [2], RAN2 is expected to discuss dual connectivity (i.e. topic A) from the perspective of applicable deployment scenarios [6]
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[7], how it is served by the network and how it is received by the UE. RAN2 is also expected to discuss RRM and mobility from the perspective of potential mobility mechanisms to minimize UE context transfer and signaling to the core network (i.e. topic C).

This contribution further discusses modeling aspects needed to evaluate the possible benefits of dual connectivity. It is suggested to settle a number of technical aspects related to CN/RAN interactions (i.e. impacts CN signaling), L3 dual connectivity (i.e. for RRM management) and L1/L2 dual connectivity (i.e. for throughput enhancements).

In this contribution, the term L3 dual connectivity is used from the UE’s perspective to refer to the control/configuration by RRC of a separate MAC instance per configured layer (e.g. such as by configuring multiple MAC-MainConfig IEs for a given UE). Similarly, the term L1/L2 dual connectivity refers to the operation of both MAC instances either concurrently or in a TDM/coordinated fashion.
The objective is that RAN2 can reach a common set of working assumptions that can enable further evaluations of dual connectivity and that may be documented in the TR [5].
2 Enhancements for Small Cells and Dual Connectivity
2.1 Motivations for Dual Connectivity
Deployments with overlapping layers may be used to offload traffic from a macro cell (controlled by a Macro eNB, or MeNB) to a cell of a small cell layer (controlled by a Small Cell eNB, or SCeNB). Dual connectivity may be beneficial for increasing the instant throughput for a given UE. It may also be beneficial from a mobility perspective, in terms of observed failure rate, and to hide from the core network mobility events within the small cell layer or between layers.
Decreasing the size of cells combined with low/medium mobility patterns (up to 30 km/h) decreases the time for which a UE is under coverage of a cell. This increases the number of handovers, either between overlapping layers or within a layer. Deployments with non-uniform coverage may also lead to an increase in handover frequency between different layers. One consequence of increased mobility is an increase in RRM/mobility-related control signaling such as handover preparation and context transfer over X2, as well as possibly S1 path update and additional load on the MME.

Densification in the deployment of small cells is expected to lead to an increase in inter-cell interference. The HetNet mobility study [4] already indicates that mobility performance is not as good as for homogeneous deployments, for the case of a single pico cell in a co-channel deployment due to increased co-channel interference. Densification of cells within a layer is thus in turn expected to increase the handover failure (HOF) rates as well as radio link failure (RLF) rates. One consequence of an increase in HOF/RLF rate is an increase in service interruption.

Therefore, evaluation of dual connectivity from the perspective of both metrics, i.e. throughput and mobility/connectivity, is assumed within scope of the SI.
In terms of throughput performance, it is expected that dual L1/L2 connectivity can increase the instantaneous throughput for a given UE in a manner similar to carrier aggregation, especially when the macro cell is not congested.

In terms of mobility/connectivity performance, it is expected that dual L3 connectivity may help mitigate the increase in HOF/RLF at the small cell layer. The HOF/RLF rate is expected to increase mainly because of the smaller cell size thereby shortening the time under cell coverage, and because of higher cell densification thereby increasing inter-cell interference, as explained above. Impact of the physical layer propagation properties in the higher frequency bands (e.g. 3.5 GHz), where radio link deterioration may exhibit a steeper pattern at the cell edge, should also be investigated.

The next step required to evaluate the possible benefits of dual connectivity is to define how a UE operate under such regime. Some form of modeling of dual connectivity is needed for further evaluation.
3 Modeling for Dual Connectivity

It is expected that a MeNB may request a physical radio resource configuration from the SCeNB, such that the MeNB may subsequently configure a UE to access a cell of the SCeNB using the RRC connection established with the MeNB. This would, for example, be the case for a mobility event between layers (single connectivity), for a macro-controlled mobility event at the SC layer (single or dual connectivity), or for (re)configuration of resources at the SC layer in addition to the resources provided by the MeNB (dual connectivity).

For the type of cells supported at the SC layer, it is assumed that dual connectivity is first evaluated using backward compatible cells. In a later stage, further evaluations using NCT carriers (stand-alone or not) are expected to be relevant, provided that suitable enhancements to the measurement framework are available in support of NCT cell discovery.

It is also expected that coverage may be continuous within a cluster of one or more small cell(s), but may be discontinuous between different clusters. Thus, for mobility/connectivity evaluations, it is assumed that mobility between layers and within the SC layer are both in scope. It is expected that dual connectivity, depending on its modeling, may be beneficial for both types of mobility.

Due to the presence of a non-ideal interface between the MeNB and the SCeNB, independent schedulers are used for each layer in the RAN to support dual connectivity, i.e. it is expected that no dynamic scheduling information (e.g. timing, HARQ feedback, etc) is exchanged between MeNB and SCeNB.

Proposal 1: 
Scheduling in a SCeNB is independent from the Scheduling in a MeNB, with dual connectivity.
One implication of this non-ideal interface on the UE architecture is that one MAC instance is needed per configured and active layer.
3.1 Dual Connectivity from L3 perspective
From the L3 perspective, the simplest definition of dual connectivity is that a UE has a single RRC connection that configures and control two MAC instances, such that the UE may receive at least a subset of the control signaling on at least one PDCCH on each layer.

Proposal 2: 

Dual connectivity is modeled such that there is a single RRC connection.
Proposal 3: 

Dual connectivity is modeled such that there is one independent MAC instance configured per layer.
Given the expected increase in HOF/RLF for the small cell layer, L3 dual connectivity may be used to minimize the number of mobility events, handover failures, RLF events and possible service interruptions of user traffic by maintaining connectivity to the macro layer. In this case, it may be necessary to maintain at least some form of physical layer connectivity with the macro cell. Such physical layer connectivity should provide means for the UE to determine radio link problem in the macro cell with performance at least equal to a R11 connection.

In other words, with any form of dual connectivity, the UE should at least perform RLM for at least one cell of the macro layer according to R11 requirements when simultaneously using the physical resources of the small cell layer.

More specifically, the UE would be configured by RRC with one MAC instance (e.g. for the MeNB with scenarios #1 and #2) such that at minimum the UE performs the following:

· The UE is configured to track at least one cell i.e. it synchronizes with PSS/SS, tracks a DL timing reference and maintain a valid DL pathloss estimate;

· The UE is configured for ensuring connectivity, i.e. it handles System Information as per legacy behavior, it has a valid PRACH configuration, it considers the PCell of that MAC instance for the measurement configuration and it performs Radio Link Monitoring (RLM) on that same PCell;

If the UE additionally supports L1/L2 dual connectivity, the UE could additionally be configured to perform DL reception and UL transmissions in that same MAC instance (L1/L2 dual connectivity is discussed in section 3.2) i.e. 

· it can receive DL traffic i.e. active with PDCCH/PDSCH reception, and for transmission on PUCCH for HARQ feedback;

· it can transmit UL traffic i.e. active with PDCCH/PHICH reception, and PUSCH transmissions;

Furthermore, the UE would be configured by RRC with another MAC instance (e.g. for the SCeNB with scenarios #1 and #2) such that at minimum the UE performs the following:
· The UE is configured to track at least one cell i.e. it synchronizes with PSS/SS, tracks a DL timing reference and maintain a valid DL pathloss estimate;

· The UE is configured to perform DL reception and UL transmissions i.e.:

· it can receive DL traffic i.e. active with PDCCH/PDSCH reception, and for transmission on PUCCH for HARQ feedback;

· it can transmit UL traffic i.e. active with PDCCH/PHICH reception, and PUSCH, PRACH transmissions;

· The UE is configured to avoid becoming a rogue interferer, i.e. it performs RLM on at least one serving cell (e.g. the PCell) of that MAC instance at least to detect radio link failure when moving out of cell coverage;

Some aspects related to synchronization and to measurements may have dependency on the NCT WI.

Regarding the UL/DL imbalance issue, independently of the above it is a network implementation to determine how to best use the configured layers for transmission of downlink traffic (e.g. heavier in the macro layer) and for uplink traffic (e.g. heavier in the small cell layer).

Proposal 4: 

Dual connectivity is modeled such that RLM is performed at least by the MAC instance of the layer used for RRC connectivity (e.g. towards the MeNB for the macro layer for scenarios #1 and #2).
Proposal 5: 

Dual connectivity is modeled such that RLM is also performed by the other MAC instance, e.g. the layer that is not primarily used for RRC connectivity (e.g. the small cell layer for scenarios #1 and #2).
3.2 Dual Connectivity from L1/L2 perspective
Given that the UE is configured with two MAC instances, the next step is to determine how to handle possible reception/transmission of data. The UE may either be precluded from being active in transmissions for both MAC instances over a given period of time. Alternatively, to increase throughput for a given UE, L1/L2 dual connectivity may be modeled such that the UE may receive transmissions in the downlink simultaneously, and it may perform uplink transmissions either simultaneously or in a coordinated manner  such as in a TDM manner.

From the L1/L2 perspective, the simplest definition of dual connectivity is that a UE may at least receive and possibly also transmit at any layer independently of each other, either simultaneously or in a coordinated (e.g. TDM) manner. Further confirmation and feedback from RAN1 on the feasibility of having two MAC instances active in transmission in this manner will be needed.
It is thus proposed that RAN2 makes the following working assumption:
Proposal 6:

Simultaneous DL reception is supported with dual connectivity.

Proposal 7:

Simultaneous UL transmission (both simultaneous and coordinated TDM should be considered) is supported with dual connectivity. Further confirmation from RAN1 is needed.

4 Conclusion
This contribution proposes a definition for the modeling of dual connectivity, such that it may be evaluated from the perspective of mobility/connectivity (L3 dual connectivity) and throughput (L1/L2 dual connectivity).

It is proposed that RAN2 uses the following working assumptions when further evaluating dual connectivity:
Proposal 1: 
Scheduling in a SCeNB is independent from the Scheduling in a MeNB, with dual connectivity.
Proposal 2: 

Dual connectivity is modeled such that there is a single RRC connection.
Proposal 3: 

Dual connectivity is modeled such that there is one independent MAC instance configured per layer.
Proposal 4: 

Dual connectivity is modeled such that RLM is performed at least by the MAC instance of the layer used for RRC connectivity (e.g. towards the MeNB for the macro layer for scenarios #1 and #2).
Proposal 5: 

Dual connectivity is modeled such that RLM is also performed by the other MAC instance, e.g. the layer that is not primarily used for RRC connectivity (e.g. the small cell layer for scenarios #1 and #2).
Proposal 6:

Simultaneous DL reception is supported with dual connectivity.

Proposal 7:

Simultaneous UL transmission (both simultaneous and coordinated TDM should be considered) is supported with dual connectivity. Further confirmation from RAN1 is needed.

Consequently, throughput evaluations may assume that the network can schedule transmissions for a given UE configured with dual connectivity independently for each layer, taking only into account the UEs power situation.
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