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1 Introduction

This contribution gives the text proposal of TR 36.872 on physical layer support of dual connectivity. 
2 Text proposal
---------------------------------------------start Text Proposal ---------------------------------------------------------
8
Physical layer study for small cell enhancement higher-layer aspects
According to RAN2 study [1], A term “dual connectivity” is used to  refer to the operation where a given UE consumes radio resources provided by at least two different network points (Master and Secondary eNBs) connected with non-ideal backhaul while in RRC_CONNECTED, which is taken as one of solutions to address the motivations from higher-layer aspects. The Master eNB is which terminates at least S1-MME and therefore act as mobility anchor towards the CN and the Secondary eNB is which providing additional radio resources for the UE for throughput improvement. Dual connectivity provides the benefit of enhanced mobility performance and better user experience. 
The potential schemes of enabling UEs operated in dual connectivity was analyzed and evaluated in the higher layer small cell enhancements discussion and captured in [1]. The physical layer aspects of dual connectivity/MSA are captured in this clause. Note that MSA is multiple-stream aggregation, a feature/scheme for UE to aggregate multiple data streams from different sites so that radio resources of those sites can be combined to support higher user throughput. So far there is no difference observed between them for the impacts on PHY layer design. So in following description we only use “dual connectivity” to refer to the high-layer aspects. 
8.1
Scenarios of dual connectivity
Dual connectivity operation can be applied in Scenario #2 and Scenario #1 as defined in [1]. A typical scenario of dual connectivity to achieve inter-node radio resource aggregation is illustrated in Figure 1 (a copy of Figure 7.1.1-1 in [1]). Per-user throughput can be improved by aggregating radio resources in more than one eNB for user plane data transmission
Figure 2 (a copy of Figure 7.1.2-1 in [1]) shows RRC diversity as another use case of dual connectivity in Scenario 1. With RRC diversity, the handover related RRC signalling could additionally be transmitted from or to a potential target cell to have a more successful handover performance.

The backhaul between Macro cell and small cells is assumed non-ideal and the duplex mode of the Macro and small cells are not restricted to be the same. 
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Figure 1: A typical scenario of dual-connectivity for inter-node radio resource aggregation
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Figure 2: A typical scenario of dual-connectivity for RRC diversity in Scenario 1
8.2
Support of dual connectivity from PHY layer perspective
From PHY layer point of view, regardless of the architecture decision in higher-layer discussion, dual-connectivity -capable UE should be able to directly transmit and receive signal to/from both Macro cell and small cells, either simultaneously or in a TDM manner. The scenario of dual connectivity with Macro and small cells on separate carriers appears like inter-eNB CA, while dual connectivity with Macro and small cells co-channel case is to some degree similar to a CoMP scenario. However, both CA and CoMP mechanisms introduced in the previous releases are with ideal backhaul assumed. It is not feasible to reuse the current physical layer mechanisms to support dual connectivity with non-ideal backhaul assumption and hence enhancements are needed.
To support dual connectivity, the following aspects should be considered in physical layer design. Note that in the following description, ‘MeNB cell’ refers to a cell hosted in the Master eNB and ‘SeNB cell’ refers to a  cell in the Secondary eNB.
· General physical channels design 
Due to the non-ideal backhaul between Master and Secondary eNBs, there should be separate MAC scheduling entities and PHY operations for both eNBs and corresponding cells, which means separate CSI feedbacks, HARQ-ACK reports as well as uplink TPC settings and commands should be supported between MeNB cells and SeNB cells. To facilitate such an operation, the DCI (scheduling information, TPC command, etc) and UCI (for ACK/NACK, CSI feedback, etc) should be transmitted/received by the target cell. 
For the SeNB cells, whether CSS should be present and monitored by the UE depends on whether the common control signals like RAR, system information, and etc need to be transmitted from the SeNB cell(s). In addition, whether SR is transmitted separately to the MeNB cells and the SeNB cells depends on the design for bearer splitting and U-plane protocol stack and could be decided after the related upper layer decisions are made.
· Impact of UE capability on physical layer design

Supporting of dual connectivity with non-ideal backhaul assumption differs for different UE capabilities. These UE capabilities include single/multiple uplink transmission in one subframe, and single/multiple downlink reception in one subframe, as discussed in RAN2 SI. Correspondingly, different UE capabilities put different restriction and/or requirements on the physical layer design.
· For UE with the capability of multiple downlink/multiple uplink reception/transmission in one subframe (for non-co-channel dual connectivity case) :
A possible and straightforward operation for this type of UE is that the UE has separate links for the MeNB and SeNB cells, i.e.  at least one link with MeNB cell(s) and at least one link with SeNB cell(s). If a common PHY layer design which is independent of the carrier frequency would be defined for this type of UEs, RAN4 efforts on simultaneous uplink transmission across inter-band frequencies are required.

In case of separate uplink transmission links, power control settings/parameters should be configured separately because the channel condition and power control target is different for each connection. In addition, it is possible that the total transmission power of UE to the Macro and small cells may exceed the maximum UE transmission power. This problem is similar as in CA case. However, separate scheduling between cells, as well as the potential co-existence of UCI in both MeNB and SeNB cells requires enhancements on power scaling and additional prioritization rules between different UL channels. 
· For UE with the capability of multiple downlink reception and single uplink transmission in one subframe (for non-co-channel dual connectivity case):
For this type of UE, two possibilities for support of uplink transmission can be considered, including
· Support of UL transmission switch in a TDMed manner between cells. Some necessary signaling between eNBs for the coordination of resource partition and the corresponding measurement, feedback etc, as well as inter-eNB synchronization are needed.
Moreover, as UL transmission instances for one cell is not always available, to keep the timing relationships between DL data transmission and corresponding HARQ-ACK feedback, a simple way is to have the downlink scheduling for this UE also to be TDMed between the MeNB and SeNB cells. However, such a scheduling limitation may impact the user throughput. Another approach is to modify the HARQ-ACK timing relationships and/or HARQ-ACK transmission mechanisms. 

Due to the different node locations and resulting different TA (timing advance), multiple UL transmissions may overlap in time. Reducing the possibility of transmission overlapping is more difficult in the MTA case than in the current CA scenarios because the MeNB and SeNB cells may set the TA command independently without coordination. Therefore enhancement for uplink TA is needed. 
Also in case of inter-band frequencies are used by Master and Secondary eNBs, some RF retuning gap should be considered in UL switching period. 

· eNB dual reception
The UE keeps uplink transmission to one of the MeNB cells and the UCI information related to the SeNB cells is also transmitted to the MeNB cell. SeNB cells should receive its UCI information in the MeNB cell layer. Some exchange between MeNB and SeNB is needed to make sure SeNB can successfully monitor and decoding UCI information belonging to itself. In addition, some implementation issues are also worthwhile being taken into account, e.g., possible additional RX chain for SeNB operated in MeNB layer. 
· For UE with the capability of single downlink / single uplink reception/transmission in one subframe (for both co-channel and non-co-channel dual connectivity case)
Most analysis in multiple DL and single UL capability case is still valid. However, as DL transmission is also restricted to be TDMed switch between cells, seems no need for change of HARQ/ACK timing relationship. Also there should be no RF retuning issue for non-co-channel case. 
8.3
Summary
To support dual connectivity, the following PHY layer impacts are needed:
· Support of separate UCI (e.g., carrying ACK/NACK and CSI feedback, etc) transmission for MeNB and SeNB cells.
· Support of CSS in a SeNB cell if RAN2 decides to support the transmission of RAR, system information and/or paging information in an SeNB cell.  
· Enhancements on power control setting/scaling and prioritization between UL channels targeting for different cells.

· Support of TDMed DL/UL switch between MeNB and SeNB cells if UE with single uplink transmission capability needs to be supported, and the corresponding enhancements and/or requirements on inter-eNB synchronization, HARQ timing, RF retuning gap and multiple TAs.
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