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1. Introduction
Dual connectivity (previously referred to as inter-eNB/site carrier aggregation) and related terminologies are defined in [1] as follows.
	Dual Connectivity: 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.
Master Cell Group: the group of the serving cells associated with the MeNB.

Master eNB: in dual connectivity, the eNB which terminates at least S1-MME and therefore act as mobility anchor towards the CN.
Secondary Cell Group: the group of the serving cells associated with the SeNB.

Secondary eNB: in dual connectivity, an eNB providing additional radio resources for the UE, which is not the Master eNB.


In [1], potential open issues for dual connectivity are listed. In this contribution, we discuss our views on the open issues related to RAN1 specifications.
· General aspects
· Synchronization assumption between MeNB and SeNB

· Supportable combination of duplex-modes

· UE assumption on multiple-Tx/Rx and simultaneous-Tx/Rx

· Physical-layer aspects

· Simultaneous PRACH transmissions for dual connectivity
· UCI feedback mechanisms for dual connectivity
· UL simultaneous transmission
2. General aspects
2.1. Synchronization assumption between MeNB and SeNB
In CA, the NW (i.e., CCs) must be synchronized within certain timing/phase errors, where the required levels of synchronization are specified in [3] for intra-band contiguous, intra-band non-contiguous, and inter-band CAs. The synchronization assumption is important for CA since the following functions are essential:

· PUCCH on PCell

· UCI is transmitted on PCell, even if the DL assignment is performed on SCell. This can be understood as a kind of cross-carrier L1/L2 control mechanism. Such cross-carrier mechanisms require synchronization between CCs in CA.

· Cross-carrier scheduling

· DL assignment on a cell can schedule the PDSCH/PUSCH in another cell. DL cross-carrier scheduling is also a cross-carrier L1/L2 control mechanism requiring more stringent synchronization since DL assignment and the PDSCH have to be transmitted at the same subframe timing.
On the other hand, since a non-ideal backhaul is a fundamental assumption for dual connectivity, UCI transmission to both MeNB and SeNB would be an essential function. Therefore, applying the above cross-carrier L1/L2 control mechanisms to the UCI feedback is not possible between MCG and SCG. It is also impossible to apply cross-carrier scheduling between MCG and SCG. Considering these situations, there is no need to assume synchronization between MeNB and SeNB from the RAN1 point of view.

In actual LTE networks, especially FDD-LTE networks, eNBs are typically not synchronized. Considering that the applicable scenarios for dual connectivity should be as wide as possible, synchronization between MeNB and SeNB should not be mandated.

Proposal 1:

· CA-level synchronization between MeNB and SeNB should not be mandated.

· In dual connectivity, MeNB (MCG) and SeNB (SCG) are assumed to be unsynchronized.
2.2. Supportable combination of duplex modes (TDD or FDD)
Up to Rel.11, the combination of CCs in CA is limited to the same duplex-mode. However, in Rel.12, TDD-FDD CA will be introduced [4]. This full flexibility in the duplex-mode achieved in Rel.12  for CA should also be applicable to dual connectivity. RAN2 already agreed on this principle as follows.

	· MCG and SCG may operate either in the same or in the different duplex schemes.


Proposal 2:

· Any combination of duplex modes (FDD+FDD, FDD+TDD, and TDD+TDD) should be supported for dual connectivity.

· Any combination of duplex modes (FDD+FDD, FDD+TDD, and TDD+TDD) should be supported for carrier aggregation within an eNB.
It should be noted that, in RAN2#83, the following agreements were made and captured in the TR [5]:

	· The maximum total number of serving cells per UE is 5 as for carrier aggregation

· Carrier aggregation is supported in the MeNB and the SeNB. I.e., the MeNB and the SeNB may have multiple serving cells or a UE.

· In dual connectivity, a UE is connected to one MeNB and one SeNB.

· A TAG may only comprise cells of one eNB.


For RAN1 specifications on dual connectivity, the above agreements have to be taken into account as well.

2.3. UE assumption on multiple-Tx/Rx and simultaneous Tx/Rx
In the SI phase, RAN1 discussed potential UE requirements such as (1)multiple-Tx/multiple-Rx, (2)single-Tx/multiple-Rx, and/or (3)single-Tx/single-Rx. However, described in [5], it was agreed that multiple-Tx/multiple-Rx is the baseline for dual connectivity. So RAN1 should confirm that the baseline UE requirement is to support multiple-Tx/multiple-Rx.
Proposal 3:

· RAN1 should confirm that multiple-Tx/multiple-Rx is the baseline for this WI.

Building on this, another UE capability should be considered in inter-band TDD CA with different UL-DL configurations. For inter-band TDD-CA with different UL-DL configurations, there is a capability of simultaneous Tx/Rx that indicates whether or not a UE can simultaneously transmit/receive signals on different carriers at the same time. However, considering that eNBs are connected via non-ideal backhaul, it is quite challenging to manage such half-duplex operation for a UE between eNBs. Therefore, we propose that  RAN1 establish a common understanding that dual connectivity is applicable to a UE capable of performing simultaneous Tx/Rx.

Proposal 4:

· For dual connectivity, the UE is assumed to be capable of simultaneous Tx/Rx.
Figure 1 shows an example of potential operation of dual connectivity (2CCs are in MeNB, while 2CCs are in SeNB) based on our views on the general aspects of open issues for dual connectivity.
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Fig. 1  Dual connectivity operation.
3. Physical layer aspects
3.1. Simultaneous PRACH transmissions for dual connectivity
RAN2 agreed to support a parallel RA procedure to MeNB and SeNB, and sent a LS to RAN1 to ask whether or not simultaneous PRACH transmissions should be supported for dual connectivity. The LS indicates the following.

	· RAN2 intends to support Contention Based Random Access for the Secondary eNB

· RAN2 agreed that the UE receives Msg2 from the eNB to which the preamble was sent.

· With regarding to parallel Random Access procedures, one for Master eNB and the other for Secondary eNB, RAN2 agreed that it is supported if the two preamble transmissions are not overlapping. However RAN2 has not concluded for the other case, i.e. when the two preamble transmissions are overlapping. RAN2 would like to ask RAN1 whether it is feasible to support parallel preamble transmissions, one for Master eNB RACH and the other for Secondary eNB RACH.


Since the Msg2 can only be transmitted on the common search space, it is necessary to support common search space for at least one SCell in SCG (FFS which functions of the common search space are needed other than RAR; this aspect should be concluded in RAN2). Regarding simultaneous PRACH transmissions, preventing simultaneous PRACH transmission to MeNB and SeNB would result in longer delays in the RA procedure, and hence degrade the overall dual connectivity performance. Therefore, we believe that simultaneous PRACH transmissions should be supported in dual connectivity at least when the transmission power of both PRACHs are within the allowable range.
On the other hand, simultaneous PRACH transmissions cannot be performed with appropriate powers respectively if the required transmission power of the PRACHs exceeds the allowable range. For this case, some kind of prioritization rules between PRACH transmissions would be necessary. The following are potential rules for power-limited case:

· Option 1: Up to UE implementation

· Option 2: The rules are specified in specifications, e.g., PRACH transmission to MCG is given priority over that to SCG, since MCG takes care of RRC message.
The exact UE behavior in a power-limited case should be considered not only for simultaneous PRACH transmissions, but also for general UL simultaneous transmissions including PRACH, PUCCH, PUSCH with UCI, PUSCH without UCI, and SRS. Our general views are described in Section 3.3. The assumption of synchronization between MeNB and SeNB may significantly impact the design of UL simultaneous transmission as well.
Proposal 5:

· Simultaneous PRACH transmissions should be supported at least when the required PRACH transmission power is lower than the maximum allowable transmission power.
· RAN1 should decide on how to handle a situation in which simultaneous PRACH transmissions are triggered but the UE is power-limited.
3.2. UCI feedback mechanisms for dual connectivity
Since MeNB and SeNB are assumed to be connected via non-ideal backhaul, UCI feedback needs to be performed for both MeNB and SeNB. In the LS from RAN2, the following description on UCI feedback is found.

	RAN2 also agreed following w.r.t PUCCH: 

· At least one cell in Secondary eNB has configured UL and one of them is configured with PUCCH resources. The cell in the Secondary eNB which is configured with PUCCH resources cannot be cross-carrier scheduled.


In dual connectivity, each eNB manages one or more CCs and operates non-CA or CA. Since Rel.8-11 UCI feedback mechanisms for one eNB were already specified, it is straightforward to support two Rel.8-11 UCI feedback mechanisms for the respective eNBs. Since UCI feedback control between MeNB and SeNB is independent, simultaneous UCI feedback using the PUSCH/PUCCH occurs. Therefore, some additional combinations of UL simultaneous transmission needs to be considered, such as PUCCH + PUCCH, PUCCH + UCI on PUSCH, and UCI on PUSCH + UCI on PUSCH.
Proposal 6:

· UCI feedback should be done separately and independently to MeNB and SeNB using the PUSCH/PUCCH in an existing Rel.8-11 UCI feedback manner, respectively.
· Simultaneous UCI feedback using the PUSCH/PUCCH to both MeNB and SeNB should be supported at least when the transmission powers are within an allowable range.
There are multiple PUCCH formats in the current UCI feedback mechanisms so that SR, CQI, and HARQ-ACK can be transmitted. All types of feedback are necessary for both MeNB and SeNB so that the CA operation, which is the same as in Rel.11 is supported in each eNB. Therefore, we propose the following.
Proposal 7:

· All PUCCH formats should be supported in both MCG and SCG.
It should be noted that in the WID the following statement is found:

	After PUCCH mechanisms are enhanced for dual connectivity, extending those enhancements to Carrier Aggregation to enable PUCCH transmission on SCell(s) for uplink Carrier Aggregation capable UEs could be considered if requiring minimal additional work.


RAN1 should take into account the applicability of the multiple PUCCH to CA.
Proposal 8:

· PUCCH for SeNB should be designed so that it can be applied to PUCCH on SCell for CA.

3.3. UL simultaneous transmission
As clearly understood from the above discussion, mechanisms for UL simultaneous transmission would not be the same as in UL-CA. The UL-CA simultaneous transmission mechanisms rely on the fact that CCs are connected via the ideal backhaul. For example, the total transmission power of a UE is shared by multiple UL-CCs, and the total transmit power is dynamically shared by the UL-CCs taking into consideration how much UL resources are allocated to CCs. However, since eNBs cannot coordinate in a scheduler-level, such dynamic power sharing is not possible in dual connectivity. Furthermore, detailes of the specification impact of UL simultaneous transmission would highly depend on the synchronization assumption between MeNB and SeNB.
The simplest solution is semi-statically splitting total powers between MeNB and SeNB, e.g., 50%, and the power is managed within each eNB. The difference between dynamic power sharing adopted in CA and the semi-static power distribution is illustrated in Fig.2. The semi-static power distribution would be simple and may not be affected by the synchronization assumption between MeNB and SeNB, but its performance is expected to degrade, e.g., in terms of UL coverage or UL throughput performance, due to the loss of power separation.
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(a) Dynamic power sharing in CA
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(b) Semi-static power distribution to each CC
Fig.2 Different power allocation schemes.
The following mechanisms need to be considered:
· Power management in dual connectivity considering combination of UL simultaneous transmissions

· Power head room calculation

· Handling of power-limited (issues, e.g., scaling/dropping according to any rules) for each combination of UL channels/signals
· Handling of UL transmission timing between CCs in different eNBs

Proposal 9:

· UL simultaneous transmission related RAN1 specification impact should carefully be discussed taking into account the synchronization assumption between MeNB and SeNB.
4. Conclusion

In this contribution, we presented our initial views on open issues for dual connectivity. Our proposals are following.
On general aspects:

· CA-level synchronization between MeNB and SeNB should not be mandated.

· In dual connectivity, MeNB (MCG) and SeNB (SCG) are assumed to be unsynchronized.
· Any combination of duplex modes (FDD+FDD, FDD+TDD, and TDD+TDD) should be supported for dual connectivity.

· Any combination of duplex modes (FDD+FDD, FDD+TDD, and TDD+TDD) should be supported for carrier aggregation within an eNB.
· RAN1 should confirm that multiple-Tx/multiple-Rx is the baseline for this WI.

· For dual connectivity, the UE is assumed to be capable of simultaneous Tx/Rx.
On simultaneous PRACH transmissions:

· Simultaneous PRACH transmissions should be supported at least when the required PRACH transmission power is lower than the maximum allowable transmission power.

· RAN1 should decide on how to handle a situation in which simultaneous PRACH transmissions are triggered but the UE is power-limited.

On UCI feedback mechanisms:

· UCI feedback should be done separately and independently to MeNB and SeNB using PUSCH/PUCCH in an existing Rel.8-11 UCI feedback manner, respectively.

· Simultaneous UCI feedback using the PUSCH/PUCCH to both MeNB and SeNB should be supported at least when the transmission powers are within an allowable range.

· All PUCCH formats should be supported in both MCG and SCG.

· PUCCH for SeNB should be designed so that it can be applied to PUCCH on SCell for CA.

On UL simultaneous transmissions:

· UL simultaneous transmission related RAN1 specification impact should carefully be discussed taking into account the synchronization assumption between MeNB and SeNB.
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