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1. Introduction

In conjunction with the current RAN1 study on small cell enhancements, RAN2 is also investigating the benefits of UEs having dual connectivity to both macro and small cell layers. The objectives of the Small Cell Enhancements – Higher Layer (SCE-HL) study are [1]:
· Identify and evaluate the benefits of UEs having dual connectivity to macro and small cell layers served by different or same carrier and for which scenarios such dual connectivity is feasible and beneficial.

· Identify and evaluate potential architecture and protocol enhancements for the scenarios in TR 36.932 and in particular for the feasible scenario of dual connectivity and minimize core network impacts if feasible, including:

· Overall structure of control and user plane and their relation to each other, e.g., supporting C-plane and U-plane in different nodes, termination of different protocol layers, etc.
· Identify and evaluate the necessity of overall Radio Resource Management structure and mobility enhancements for small cell deployments:

· Mobility mechanisms for minimizing inter-node UE context transfer and signaling towards the core network.

· Measurement and cell identification enhancements while minimizing increased UE battery consumption.
Significant progress has been achieved in RAN2 with respect to user plane (UP) and control plane (CP) architectures [2]. In this contribution we present initial considerations of the physical layer aspects of dual connectivity. 
2. Discussion
Similarly to the RAN1 SCE study, the RAN2-led SCE-HL study also considers three scenarios for macro-small cell deployment, namely co-channel (Scenario 1), inter-frequency (Scenario 2) and small-cell only deployments (Scenario 3). Figure 1 shows an exemplary deployment for Scenario 2, where a small cell layer provides hotspot access on carrier F2 whereas the macro cell overlay provides coverage on carrier F1. 
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Figure 1 Dual connectivity in Small Cell Scenario 2

A UE configured for dual connectivity is simultaneously connected to both cell layers, where, using the current RAN2 nomenclature, the macro eNB may be defined as the Master eNB (MeNB) and small cell eNB is the Secondary eNB (SeNB). Some preliminary conclusions from RAN2 include [3]:

1. From a standards point of view, each eNB should be able to handle UEs autonomously, i.e., provide the PCell to some UEs while acting as assisting eNB for other. 
2. We assume that there will be only one S1-MME Connection per UE (requires confirmation by RAN3)

Furthermore, the various user plane architecture options assume independent MAC and PHY layers for each eNB. Therefore, it is necessary to first understand what existing Rel-10/11 features can be reused for dual connectivity. 
The scenario depicted in Figure 1 bears some similarity to Rel-11 CA and CoMP. For example, a CA-capable UE can be configured to receive from (and transmit to) multiple serving cells. The key difference compared to CA and CoMP is the requirement of non-ideal backhaul. The latency of non-ideal backhaul spans the range [5, 60] ms as specified in TR. 36.932. Even at the low end of this range, HARQ-ACK feedback in response to PDSCH transmission in the small cell layer cannot be routed through the PUCCH of the macro cell without relaxing current feedback timing requirements. Therefore, the UE should be able to transmit on HARQ-ACK feedback directly to each eNB. 
It should be noted that there may be other UEs in the same cell that are not configured for dual connectivity. Again, the latency constraints of the backhaul link necessitate not only independent scheduling but also reporting of link conditions for each cell. As such we can make the following observations:
Observations
· For non-ideal backhaul HARQ-ACK feedback may be transmitted in the same cell where PDSCH was received
· Depending on the latency of the backhaul link a UE may be configured for CSI feedback to each eNB
· For UL scheduling or DL scheduling in TDD utilizing channel reciprocity, consider independent configuration of SRS transmission to both MeNB and SeNB.
· Consider whether one SR resource is sufficient or if the UE can be independently configured with an SR resource per cell. 
· The choice would depend on how user plane data is generated at the UE i.e. whether the data is agnostic to cell layer, and would require feedback from RAN2.
Common Control Signaling

There are two control plane options being evaluated in RAN2 regarding which, or if both, eNBs generate the final RRC messages to the UE. This has some PHY impact with respect to common control signaling. If both eNBs can generate L2 transport for RRC messages, the UE may need to monitor the common search space on each cell. 

Furthermore, the shared carrier case (Scenario 1) is challenging for both dedicated and common control signaling if the UE is required to monitor PDCCH/EPDCCH in the same subframe from both eNBs. In this case some form of ICIC is required on the control channel to ensure reliable reception of control information. Alternatively, time division multiplexing can be considered, where in a single subframe the UE only monitors one cell for downlink control information.
Random Access

A Rel-11 UE can be configured for UL transmission in multiple timing advance groups. For this configuration only non-contention based random access is supported on the secondary TAG and the random access response (RAR) is transmitted on the PCell. For non-ideal backhaul, it may not be possible to satisfy the current timing requirements if the (RAR) is first routed from the SeNB to the MeNB. Therefore, consideration should be given to the scheduling and transmission of random access Msg2 on each cell layer. This also reinforces the observation that a UE may be configured to monitor the CSS on the secondary cell. 
UL Power Control

As already mentioned, a UE configured for dual connectivity may need to transmit uplink control information directly to the desired eNB. In Small Cell Scenario 1 the UE may be configured to transmit to both MeNB and SeNB. If the pathloss from the UE to each eNB is significantly different, separate power control loops may be required. A similar issue was discussed during Rel-11 UL CoMP standardization regarding separate power control loop for supporting channel reciprocity in TDD DL CoMP.  
3. Conclusion

In this contribution we provide a preliminary analysis of the physical layer impact of dual connectivity of a UE to both macro and small cell layers. Many features of Rel-11 CA and CoMP are readily applicable to dual connectivity but the constraint of non-ideal backhaul and specifically the latency in routing data between eNBs may require new mechanisms. These include:
· For non-ideal backhaul HARQ-ACK feedback may be transmitted in the same cell where PDSCH was received
· Depending on the latency of the backhaul link a UE may be configured for CSI feedback to each eNB
· For UL scheduling or DL scheduling in TDD utilizing channel reciprocity, consider independent configuration of SRS transmission to both MeNB and SeNB.
· Consider whether one SR resource is sufficient or if the UE can be independently configured with an SR resource per cell. 
· The choice would depend on how user plane data is generated at the UE i.e. whether the data is agnostic to cell layer, and would require feedback from RAN2.
· If common control signaling is transmitted from the SeNB the UE needs to monitor the common search space on a secondary cell
· In contrast to support of multiple TAGs in Rel-10, the random access response can be scheduled and transmitted on the secondary cell
· Consider separate UL power control loops for the co-channel dual-connectivity scenario.
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