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1 Introduction
According to TR 36.842 [1], dual connectivity is defined as “operation where a given UE consumes radio resources provided by at least two different network points connected with non-ideal backhaul”. In terms of implementing dual connectivity, inter-node resource aggregation and RRC diversity mechanisms have been captured in TR 36.842. In addition to these, dual connectivity can be used to enhance the mobility robustness, e.g., C/U plane split. This contribution discusses physical layer aspects to support dual connectivity in small cell scenarios. 
2 Potential RAN1 related issues
Currently, RAN2 is actively discussing multiple architecture options to support dual connectivity. From RAN1 perspective, regardless of the selected architecture, it is expected that separate PHY is employed per each network point. Moreover, independent MAC per each network point is also expected as all the alternative options discussed for user plane architecture for dual connectivity in TR 36.842 show that at least each network point has independent MAC and PHY. Based on this assumption, this contribution reviews some potential RAN1 impacts such as HARQ-related procedure and RACH-related procedure to support dual connectivity. Furthermore, the benefits and feasibility of supporting dual connectivity for a UE which is not capable of carrier aggregation should be also discussed. Lastly, benefits and feasibility of supporting dual connectivity in scenario #1 (co-channel) is discussed. 

2.1 HARQ-related procedure
To maintain the benefits of HARQ process with dual connectivity over non-ideal backhaul, data scheduling and corresponding feedback may have to be 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. Unless HARQ process and feedback procedure have been tailored to absorb the backhaul latency, it is desirable to transmit HARQ-ACK and CSI feedback individually to different network point. Considering different uplink coverage between macro and small cells, it would be also necessary to employ independent power control for each uplink carrier to each network point.  Furthermore, potential RAN1 impacts are expected to handle different UE capability to handle simultaneous transmission of uplink channels such as simultaneous PUCCH/PUSCH transmission and simultaneous PUCCH/PUCCH transmission. For example, if simultaneous PUCCH/PUSCH transmission capability is not supported, a UE may not be able to transmit PUCCH to PCell and PUSCH to SCell with dual connectivity at the same time. Thus, a type of TDM-fashion uplink coordination between PCell and SCell with dual connectivity may be needed. 
Proposal 1: Independent HARQ-ACK/CSI feedback and UL power control for different network point should be considered to support dual connectivity. 

2.2 RACH-related procedure

Considering independent resource allocation and scheduling, RACH procedure with dual connectivity may have to be handled differently from Rel-11 carrier aggregation. 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). The following PRACH transmission to the assisting eNB is desirably performed via uplink to the assisting eNB rather than uplink to the PCell eNB (e.g., macro cell). Also, the successive RAR for PRACH to SCell would need to be delivered by SCell as well to meet the processing latency of PRACH. This can be accomplished by either transmitting RAR via SCell CSS or allowing RAR transmission via SCell USS. In terms of approach to support SCell RAR, UE capability such as maximum blind decoding constraint should be also considered. 
Proposal 2: Independent RAR transmission per different network point should be considered to support dual connectivity. 

2.3 Dual connectivity for non-CA capable UE (Scenario #2A/#2B)
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. The benefit of supporting dual connectivity for those UEs includes reducing signaling overhead of core network compared to the case with no dual connectivity is supported. When dual connectivity is not used and offloading to small cell occurs frequently, potentially high signaling overhead to core network is expected due to frequent hand-over among small cells or between small cell and macro cell. Given that dual connectivity may be useful for single TX or single RX capability, we further discuss per each capability. 
(1) Single TX capability: from a UE RF perspective, uplink CA capability would be more challenging and also it requires RAN4 specification to support uplink CA capability. Thus, it is not straightforward to assume that most UEs would be equipped with dual TX capability. Thus, some consideration on handling UEs with single TX capability would be necessary. Different from Rel-10 CA, as explained earlier, dual connectivity may require independent HARQ-ACK, CSI and PRACH transmission for SCell and PCell respectively. Thus, if a UE supports only one TX at a time, a kind of TDM mechanism should be considered to support dual connectivity for Scenario #2A/#2B. Handling of different TA between PCell and SCell, synchronization between PCell and SCell would be necessary to support single TX capable UEs. As mentioned before, a coordination mechanism between PCell and SCell uplink may be needed to handle UEs without simultaneous PUCCH/PUSCH TX capability. Thus, uplink coordination between PCell and SCell should be considered to support dual connectivity. 

(2) Single RX capability: dual RX capability would be relatively easier than dual TX capability from a UE HW perspective. Yet, assuming dual RX capability for all UEs may not be easily achievable. To support single RX capable UE, a kind of TDM mechanism between macro and small cell would be needed where some subframes may not be usable due to frequency retuning and locking. Thus, supporting dual connectivity for single RX capable UE should be determined with careful consideration of trade-off between benefits and overhead/complexity. 
Proposal 3: Uplink scheduling coordination between different network points needs to be considered to support dual connectivity with various UE capabilities.
2.4 Dual connectivity in Scenario #1/#3
In co-channel case of Scenario #1 or small cell cluster of Scenario #3, it might also be beneficial to support dual connectivity. In Scenario #1, dual connectivity can be considered between macro and small cell to support mobility robustness (e.g., C/U plane split) and also to reduce the core network signaling overhead. Furthermore, if UE can support, user plane split between macro and small cell can be considered to enhance the user throughput. In Scenario #3, dual connectivity among small cells (within a cluster) can be considered to reduce the core network signaling overhead or enhance the user throughput. In terms of UE capability, if a UE is capable of single TX/RX, a kind of TDM mechanism to support dual connectivity can be considered, particularly to reduce the core network signaling overhead. To enhance the user throughput, a UE may be able to support processing on signal/channels from/to co-channel multi-cells. Thus, trade-off analysis between benefits and cost/complexity would be necessary for dual connectivity support in Scenario #1/#3. Our view is that overall dual connectivity for Scenario #2A/#2B has higher priority compared to Scenario #1/#3 because of its benefits. 
3 Conclusion
We discussed potential RAN1 related issues for the support of dual connectivity between macro/small cells. Our proposals are as follows:
Proposal 1: Independent HARQ-ACK/CSI feedback and UL power control for different network point should be considered to support dual connectivity. 

Proposal 2: Independent RAR transmission per different network point should be considered to support dual connectivity. 

Proposal 3:  Uplink scheduling coordination between different network points needs to be considered to support dual connectivity with various UE capabilities. 
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