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1. Introduction
RAN2 has started the discussions on UE capabilities to support dual connectivity [1], i.e. which of the following capabilities can be minimum requirement for dual connectivity:

· a) Single Rx/Tx (which means UE has single Rx and single Tx chain)

· b) Single Rx/Multiple Tx (but no demand in market now)
· c) Multiple Rx/Single Tx

· d) Multiple Rx/Tx (which means UE has multiple Rx and multiple Tx chains)

If dual connectivity is supported even for the single RF UEs (including both DL and UL), there may be big impacts on RAN1 specs even though it can relax RF requirements for UEs. In this contribution, we show our concerns to support dual connectivity for single RF UEs from RAN1 perspective.
2. Discussions
If dual connectivity is supported for single RF UEs, the following drawbacks are imposed on both network and UE. 

· Requirement (1): Time synchronization
· TDM based solution† is necessary to support reception/transmission of multiple frequency bands. Thus, master eNB (MeNB) and slave eNB (SeNB) should be synchronized.
· †: When a UE is receiving/transmitting a signal from/to MeNB/SeNB (i.e. activated), UE is not required to receive/transmit the other link (i.e. inactivated)
· Requirement (2): Timing definition
· For the purpose of TDM switching between MeNB and SeNB, timing definition of scheduling, HARQ and etc. should be introduced.
· More complicated specifications will be required for UEs when TDD is used. 
· The scheduler should carefully handle the timing issue.
Regarding Requirement (1), time synchronization has already been required for several LTE-A features. We can therefore say that time synchronization itself is not a particular requirement. However, the difficulty depends on the synchronization accuracy and additional requirements for UEs. For example, time synchronization of 3µs wouldn’t be a serious problem since this value is also required for TDD system, but more accurate synchronization wouldn’t be feasible in a particular situation. On the other hand, timing mis-alignment will require additional RF requirement for UEs since DL/UL signal from MeNB/SeNB may potentially overlap to each other as shown in Fig.1. In UL, this might be solved by applying ambiguity period. But we don’t have any idea about DL, and it may require introducing additional specifications.
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Fig.1 A potential problem of time synchronization error
On the other hand, Requirement (2), i.e. TDM assignment of MeNB and SeNB, will cause more complicated specifications, e.g. timing definition, in addition to the network configuration. From an operator’s perspective, it is not desirable to fix the DL/UL ratio between MeNB and SeNB since the usage ratio of MeNB/SeNB depends on the traffic type (QoE) and/or traffic load etc. Therefore, configurability to control the ratio should be introduced as shown in Fig.2. Since non-ideal backhaul is the assumption in this WI, it is not feasible to solve it by scheduler implementation approach.
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 Fig. 2 An example of configurability of MeNB/SeNB subframe ratio for single RF UEs
However, this requires very complicated timing definition (DL assignment and UL grant timing, HARQ timing etc.), similar to different DL/UL configuration of TDD CA. Especially when the use of TDD is assumed, timing definition will be more complicated since combination of TDM and TDD should be taken into account resulting in the drastic increase of test cases. In addition, it should also kept in mind that the timing definition is not cell specific but UE specific depending on UE capability since UEs with different UE capability may coexist in the network. Thus the complexity to manage the timing by the network will increase. 
Given the analyses above, we don’t think that support of dual connectivity for single RF UEs is not helpful to reduce the requirement for UEs and/or network. In addition, we expect that more and more UE will support multiple RF capability in the future. Thus, it wouldn’t be good idea to introduce so complicated specs for the short-term enhancements. Of course, it is not appropriate for RAN1 to conclude this aspect. However, we believe that the complexity analyses in RAN1 would be very helpful for RAN1 to make their final decision.
Observation:

· If dual connectivity is supported for single RF UEs, the following impact should be studied carefully:
· time synchronization accuracy for the eNBs
· necessity of solutions for the overlap period due to time synchronization error
· Complexity of timing definition (DL assignment and UL grant, HARQ timing etc.)
· Note that the specification and test cases will be very complicated when TDD is assumed MeNB and/or SeNB.
3. Conclusion
In this contribution, we showed our concerns to support dual connectivity for single RF UEs from RAN1 perspective. Our concerns are summarized as follows, and they should be solved if single RF UE capability is supported.
· If dual connectivity is supported for single RF UEs, the following impact should be studied carefully:
· time synchronization accuracy for the eNBs
· necessity of solutions for the overlap period due to time synchronization error
· Complexity of timing definition (DL assignment and UL grant, HARQ timing etc.)
· Note that the specification and test cases will be very complicated when TDD is assumed MeNB and/or SeNB.
It is noted that all the solution, if necessary, can be discussed after RAN2 has finished their discussions, i.e. during WI phase in RAN1. However, we believe that complexity analyses in RAN1 on the above topics will be very helpful for RAN2 to make their final decision.
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