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1. Introduction

In the small cell scenarios, unlike the conventional cell deployments (from CA perspective), it is basically assumed that macro cell and small cell would be managed/controlled by different eNBs, and thus, it is naturally being considered that eNB controlling macro cell (i.e. m-eNB) and eNB controlling small cell (i.e. s-eNB) would be connected with non-ideal backhaul [1]. Under this situation, in order to support CA between macro/small cells for a UE for the main purpose of small cell scenario (i.e. mobility control by macro Pcell, throughput boosting with small Scell), dual connectivity (i.e. inter-eNB CA) architecture for macro/small cells is currently being discussed/designed mainly in RAN2 from higher layer perspective [2]. Regarding this dual connectivity, since macro/small cells belonging to different eNBs are to be aggregated for a UE, higher layer architecture might be basically different between (macro) Pcell and (small) Scell (unlike the conventional single connectivity (i.e. intra-eNB CA)).
In this contribution, we review current status on the potential dual connectivity models mainly considered in RAN2, and address on some potential RAN1 related issues for the support of dual connectivity between macro/small cells.  
2. Potential dual connectivity models
There are two alternatives for the design of dual connectivity model mainly considered/discussed in RAN2. One is inter-eNB C/U-plane split model where C-plane and (most of) U-plane are managed by macro cell and small cell respectively, and small cell (s-eNB) has PDCP/RLC/MAC/PHY entities except for RRC entity. The other is inter-eNB MAC(/RLC) split model where both C-plane and U-plane are managed only by macro cell, and small cell (s-eNB) has only MAC/PHY (and/or RLC) entities. In this section, these two potential dual connectivity models are briefly summarized. 
2.1. Inter-eNB C/U-plane split model
■ Interface Xc between macro/small cells

▪ It is used for the exchange of necessary (relatively less dynamic) information between eNBs to support radio interface with UE
■ One RRC connection established with macro cell

▪ It performs connection control, mobility, RB (Radio Bearer) management for both macro/small cells
▪ Macro cell controls management/reconfiguration of all DRBs (Data RBs) and radio resources (even though DRBs and radio resources are established/configured at small cell)
■ SRBs (Signaling RBs) (and possibly a few DRBs) established with PDCP/RLC at macro cell

■ All DRBs (or most of DRBs) established with PDCP/RLC at small cell

▪ Small cell has direct interface with serving GW for UE and can send all user traffic received from UE directly to serving GW for UE
▪ Heavy user traffic does not flow between macro/small cells via Xc for radio transmissions with UE
▪ AS security issue is raised because of security function in PDCP (e.g. different PDCP entities in different eNBs apply encryption of user traffic with different security keys)
■ L2 connection established with small cell for user plane of radio interface
■ One MAC entity at macro cell and another MAC entity at small cell
▪ One L1/L2 is equipped at macro cell and another L1/L2 is equipped at small cell for UE
2.2. Inter-eNB MAC(/RLC) split model
■ Interface Xb between macro/small cells
▪ It is used for the exchange of necessary (relatively more dynamic) information between eNBs to support a radio interface with UE
▪ Heavy user traffic flows from small cell to macro cell (if macro cell receives user packets from small cell, macro cell should process more amounts of user packets than before)

■ One RRC connection established with macro cell
▪ It performs connection control, mobility, RB management (radio resource reconfiguration) for both macro/small cells
■ All SRBs and all DRBs established with PDCP/RLC at macro cell
▪ Small cell has no interface with serving GW for UE (small cell sends all user traffic received from UE to macro cell, and macro cell sends user traffic to serving GW for UE)
▪ There is no split of C/U plane
■ L1 connection established with small cell

■ One MAC entity at macro cell and another MAC entity at small cell

▪ MAC/RLC is equipped at macro cell and another MAC (and/or RLC) is equipped at small cell for UE
▪ HARQ re-/transmission (scheduling/feedback) and random access procedure could be done over L1 connection directly between UE and MAC at small cell (to avoid inter-eNB (Xb) delay)
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(a) Inter-eNB C/U-plane split                          (b) Inter-eNB MAC(/RLC) split 

Figure 1: Potential dual connectivity models

3. Potential RAN1 related issues
Regardless whether which model is finally decided in RAN2 for the design of dual connectivity architecture to support the CA between macro/small cells, MAC functions associated with each cell would at least be independently supported between macro/small cells. Regarding this per cell (per eNB) MAC architecture, HARQ-related procedure and RACH-related procedure can at least be considered as the issues directly related to RAN1 at this stage. Besides, it might be also RAN1 discussion issue whether dual connectivity is supported for the CA non-capable UE or between co-channel (small) cells. 
3.1. HARQ-related procedure

Regarding the dual connectivity architecture with per cell MAC entity and the non-ideal backhaul between macro/small cells consuming high latency, data scheduling and corresponding feedback are to be independently performed for each cell. For example, DCI to schedule data transmitted on (macro) Pcell and corresponding HARQ-ACK, CSI feedback, TPC command are to be signaled via (macro) Pcell. Similarly, DCI to schedule data transmitted on (small) Scell and corresponding HARQ-ACK, CSI feedback, TPC command are to be signaled via (small) Scell. In case of DCI scheduling, first of all, per cell DCI scheduling would be implementable by properly setting cross-carrier scheduling configuration (to be self-carrier scheduling). On the other hand, in case of HARQ-ACK and CSI feedback, RAN1 discussion issue could be raised in order to enable per cell HARQ-ACK/CSI feedback, for example, by allowing simultaneous PUCCH transmission both on Pcell and Scell, or by introducing PUCCH transmission with TDM manner between Pcell and Scell, and so on. And, this issue could also be associated with UE capability, for example, single or dual RF equipment. And, regarding different UL coverage between macro/small cells, it might be necessary that independent power control process is applied for each cell. 
3.2. RACH-related procedure

Under the dual connectivity architecture with per cell MAC entity connected by the non-ideal backhaul consuming high latency, PRACH transmission and associated message exchange are to be independently performed for each cell as well. For example, PDCCH order to command PRACH transmission on (small) Scell and associated RAR, Msg3 exchange are to be signaled via (small) Scell. In case of PDCCH order and Msg3, first of all, per cell transmission would be automatically implementable by setting per cell DCI scheduling as in above (i.e. by configuring self-carrier scheduling). On the other hand, in case of RAR (and corresponding PDCCH), RAN1 discussion issue could be raised in order to enable per cell RAR scheduling/transmission, for example, by allowing PDCCH monitoring on common search space in Scell, or by introducing PDCCH scheduling RAR via UE-specific search space in Scell, and so on. Similarly, this issue could also be associated with UE capability, for example, maximum blind decoding constraint.
3.3. Other RAN1 issues

Regarding a situation that the UE not having CA capability or the UE not having UL CA capability is within small cell coverage, it might be beneficial to support dual connectivity on macro/small cells for those UEs when amount of user traffic from/to those UEs is considerable, from macro cell offloading perspective. For this, RAN1 discussion might be necessary whether dual connectivity is supported for those CA non-capable UEs based on observation on how much gain would be achievable in throughput/offloading aspect and how much complexity would be involved with this kind of dual connectivity, for example, RF tuning operation between carrier frequencies. 
In addition, considering a situation that a UE is within the coverage of small cell (cluster) deployed with same carrier frequency, it might also be beneficial to support dual connectivity on co-channel small cells for the UE by allowing simultaneous co-channel multi-cell scheduling, from mobility and throughput perspective. For this, RAN1 discussion might be necessary whether dual connectivity is supported on co-channel cells for a UE based on observation on how much gain would be achievable with co-channel multi-cell scheduling in user throughput and how much impact would be involved with this kind of dual connectivity, for example, processing on signal/channel from/to co-channel multi-cells.
Proposal 1: HARQ-related procedure to support macro/small cell dual connectivity is to be considered/ discussed in RAN1 in terms of DCI scheduling, HARQ-ACK/CSI feedback, and UL power control for macro/small cells. 
Proposal 2: RACH-related procedure to support macro/small cell dual connectivity is to be considered/ discussed in RAN1 in terms of PDCCH order transmission and corresponding RAR/Msg3 scheduling for macro/small cells.
Proposal 3: Supportability of dual connectivity for CA non-capable UEs and on co-channel cells is to be considered/discussed in RAN1 by taking offloading/mobility/throughput gain and potential complexity/impact into account. 
4. Summary
We reviewed on the potential dual connectivity models considered in RAN2, and address on potential RAN1 related issues for the support of dual connectivity between macro/small cells. Finally, we propose: 

Proposal 1: HARQ-related procedure to support macro/small cell dual connectivity is to be considered/ discussed in RAN1 in terms of DCI scheduling, HARQ-ACK/CSI feedback, and UL power control for macro/small cells. 

Proposal 2: RACH-related procedure to support macro/small cell dual connectivity is to be considered/ discussed in RAN1 in terms of PDCCH order transmission and corresponding RAR/Msg3 scheduling for macro/small cells.

Proposal 3: Supportability of dual connectivity for CA non-capable UEs and on co-channel cells is to be considered/discussed in RAN1 by taking offloading/mobility/throughput gain and potential complexity/impact into account. 
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