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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 configured with one or more serving cell(s) of a given eNB. The term “primary layer” is used to refer to a UE’s physical layer connection with the eNB at the macro layer (MeNB), while the term “secondary layer” refers to that of a small cell layer (SeNB).
From the L1/L2 perspective, a simple definition of dual connectivity is that a UE may at least perform measurements, or receive and possibly also transmit in the uplink (UL) at any layer, either simultaneously or in a coordinated manner.
In terms of connectivity enhancements, it is expected that dual connectivity may help mitigate the increase in Handover Failure (HOF) / Radio Link Failure (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.

In terms of throughput enhancements, dual connectivity has potential to increase instantaneous throughput for a UE for inter-band deployments (i.e. scenario #2) similar to carrier aggregation (CA), when the macro cell is not congested.

From the perspective of UL/DL power imbalance in deployments of small cells overlapping macro coverage, the UE may have a better DL connection from the MeNB while it may have a better UL connection with the SeNB. Dual connectivity may enable a configuration whereby a UE may be connected to both layers such that UL/DL connectivity is optimized, in particular in co-channel deployments (i.e. mainly for scenario #1, possibly also for scenario #2).

In addition, there may be some statistical benefits to be obtained by offloading UL traffic to the small cell layer while keeping DL traffic in the macro layer for a given UE, in particular when the SeNB is highly loaded in the downlink. Dual connectivity may enable such offloading and may thus be beneficial in any type of deployment scenario with macro coverage (i.e. both scenarios #1 and #2).

In terms of addressing UL/DL power imbalance, dual connectivity may thus enable a configuration where the UE may be more DL intensive with a MeNB while the connection with the SeNB may be more UL intensive. From the L1 perspective, dual connectivity may be realized such that each of the concerned cells operate as per R11 behaviour, with some modifications to address simultaneous uplink transmissions if such is supported, or otherwise to introduce some form of Time-Division Multiplexing (TDM) between uplink transmissions at each layer. From the L2 perspective, a simple approach may be to support that traffic from a single EPS bearer may be split such that uplink data may be transmitted over a first DRB while downlink data may be mapped over a second DRB.
To further discuss physical layer aspects, we use an incremental view of different “flavors” of dual connectivity (DC):

1) Connectivity enhancements only, in support of layer 3 connectivity and improved mobility;
2) Inter-eNB downlink-only carrier aggregation (Inter-site DL-only CA), for DL throughput and UL/DL traffic splitting (i.e. UL/DL decoupled operation);
3) Inter-eNB carrier aggregation (Inter-site UL/DL CA), i.e. supporting CA for both downlink reception and uplink transmissions.
This contribution discusses all the above aspects, and aims at settling additional assumptions and way forward for further evaluation of the benefits of dual connectivity from the physical layer perspective.

2 Inter-eNB Carrier Aggregation and L1 Dual Connectivity
A set of observations is listed as consequences of the support of a non-ideal backhaul between eNBs of different layers:

· Observation 1: 
With dual connectivity, dynamic aspects of scheduling decisions at each layer should be as independent as possible from each other.
Then, as a consequence of the presence of the non-ideal interface between layers combined with the above observation:

· Observation 2: 
A UE that supports dual connectivity supports one MAC instance / PHY connection per layer.

In addition, there are different impacts for dual connectivity depending on whether the inter-eNB connectivity is for a co-channel deployment or for a deployment in different frequency bands. For co-channel deployments, the UE may not be capable of receiving transmissions from the primary layer (i.e. MeNB) once the power received from the SeNB exceeds that of the MeNB by some margin e.g. as the UE gets closer to the SeNB transmitter.
· Observation 3: 
Dual connectivity for the purpose of inter-site DL-only CA is mainly applicable for scenario #2.
However, for scenario #1, dual connectivity may still be useful in co-channel deployment to enable UL/DL decoupled operation. In this case, RAN1 should consider that the same principles as for inter-site DL-only CA may be applicable with small additions; for example, by configuring a UE for inter-site DL-only CA but such that PDSCH may only be received in the primary layer or by introducing support for a TDM mechanism also for PDSCH reception.
· Observation 4: 
The principles for inter-site DL-only CA are also applicable to scenario #1, for UL/DL decoupled operation in co-channel deployments.
For R10 CA, support from UE implementations typically comes in incremental steps, where initially implementations support aggregation of intra-band DL carriers only, then inter-band DL carriers only, followed by additional support for intra-band UL carriers and finally for inter-band UL carriers in different and for specific band combinations.
For dual connectivity, from the perspective of UE capabilities and acceptable complexity, UE implementations are likely to also benefit from an incremental approach in the support of dual connectivity. It may not be assumed that all UEs supporting dual connectivity would necessarily also support simultaneous operation in both layers and, in particular, it may not be assumed that such UEs may be capable of simultaneous UL transmissions (e.g. for inter-band deployments as for scenario #2).
It is thus our view that studies in RAN1 should take into account different possible sets of assumptions regarding UE capabilities, and that the specifications work should enable flexible use of the potential of dual connectivity.

· Observation 5: Dual connectivity should be evaluated as incremental steps from the physical layer perspective.
From the physical layer perspective, we thus propose an incremental view of different “flavors” of dual connectivity:

1) Connectivity enhancements only (in support of layer 3 connectivity)

In this case, the UE is not configured for simultaneous downlink reception or for simultaneous uplink transmissions. Rather, the UE operates on the secondary layer only and may be configured to perform connectivity-related measurements on the primary layer. How to achieve this needs further consideration but specifications impact at the physical layer should be relatively minor.
For example, the UE may be configured with additional measurement gaps such that it may perform mobility related (i.e. RSRP) measurements on the primary layer, while considering the cell of the primary layer as if it was its serving cell for the purpose of measurements reporting and events triggers.

2) Inter-site downlink-only carrier aggregation (Inter-site DL-only CA)

In this case, it is assumed that a UE implementation would not support simultaneous UL transmissions. Instead, the UE would perform PUCCH/PRACH transmissions in the primary layer (i.e. MeNB) and any type of UL transmissions (i.e. PUSCH, PUCCH, PRACH, SRS etc) in the secondary layer using some form of TDM behavior.

The main challenge in supporting Inter-site DL-only CA is thus to specify such TDM behavior, including ensuring synchronization between eNBs within the cyclic prefix, the definition of a TDM pattern, a suitable delay for uplink reconfiguration within the constraints of the defined TDM pattern, and proper means to transmit Uplink Control Information (UCI) within each respective layers using e.g. bundling/multiplexing.
Finally, some priority rules e.g. for PRACH prioritization may also be necessary in this case.

· Observation 6: 
The main challenge in supporting Inter-site DL-only CA is defining a TDM behavior for the transmission of UCI in the primary layer.
3) Inter-eNB carrier aggregation (Inter-site UL/DL CA), i.e. supporting CA for downlink reception and uplink transmissions

In this case, it is assumed that a UE implementation would support simultaneous UL transmissions in both layers.

The main challenge in supporting Inter-site UL/DL CA is thus to adapt the power control mechanisms such as scaling of transmissions and priority rules between layers and between PUSCH and UCI. 
· Observation 7: 
The main challenge in supporting inter-site CA is adaptation to the power control mechanisms.

3 Conclusion
This contribution discusses a way forward for the evaluation of dual connectivity from the physical layer perspective, and proposes an incremental approach to the support of dual connectivity and inter-site Carrier Aggregation.

From a specifications point of view, our view is that there should be some flexibility to target different types of UE architecture, from the simplest UE (mobility enhancements only) to inter-site DL-only CA (in support of UL/DL split for co-channel deployment, for dynamic offload in any deployments or for higher DL throughput in inter-band deployments) to more advanced architecture that can support simultaneous Tx/Rx operation for at least for some band combinations (for higher overall throughput in inter-band deployments).

It is thus proposed that RAN1 considers the following for the purpose of evaluating the impacts and potential benefits of dual connectivity from the perspective of the physical layer:
Proposal 1: 
Inter-site DL-only CA is supported with simultaneous DL reception and TDM operation for the UCI of the primary layer for inter-band deployments (scenario #2) for DL throughput enhancements.
Proposal 2: 
For co-channel deployments (scenario #1), inter-eNB DL-only CA is supported and evaluated similarly as for the inter-band deployment with the possible additional restriction that PDSCH is only received in the primary layer, to enable UL/DL decoupled operation.

Proposal 3: 
Inter-site UL/DL CA is supported with simultaneous UL/DL reception for inter-band deployments (scenario #2) for UL/DL throughput enhancements.
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