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1.

Introduction
The new work item [1] on Dual Connectivity operation considers a multiple Rx/Tx UE which is configured to utilize radio resources provided by two distinct schedulers, located in Master eNB (MeNB) and Secondary eNBs (SeNB). Taking the conclusions of the Study Item (36.842) [2] as starting point, the work item seeks to fulfil the following objectives:
-
Introduce functions and procedures to realise C-plane and U-plane protocol and architectures supporting alternatives 1A and 3C.

-
Signalling and protocol support for dual connectivity will first focus on reconfigurations involving either 1A or 3C, and reconfigurations involving both 1A and 3C will only be later considered if requiring minimal additions.
-
Introduce functions and procedures on the S1and X2 interfaces.
-
Identify and introduce physical layer functionalities required for the operation of Dual Connectivity.
-
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.
-
Specify corresponding UE and eNB core requirements.
Furthermore, in the description of the general framework of dual connectivity in the SI [2], several issues that are relevant to RAN1 are mentioned, such as 
· Whether cells within the MCG or the SCG can operate with different duplex schemes is pending RAN1 decision on TDD/FDD carrier aggregation. 
· FFS whether UL data is transmitted to one eNB only or maybe split across eNBs.

In this contribution, we provide our views on the applicability and functionalities required for different duplex schemes within MCG/SCG and split of UL data across eNBs. Enhancements related to PUCCH/PUSCH transmission and random access are discussed in a companion contribution [3].
2.

Dual Connectivity
In dual connectivity, a UE is connected to one MeNB and one SeNB with a non-ideal backhaul link between them. MCG (Master Cell Group) is the group of serving cells associated with the MeNB, and SCG (Secondary Cell Group) is the group of the serving cells associated with the SeNB. It is assumed that within the SCG a special SeNB cell is available which has PCell-like functionalities and supports PUCCH transmission [2].
2.1 Duplex schemes within cell groups

Thus far, for dual connectivity it has been agreed that [2]:
(a) Carrier aggregation (CA) is supported in the MeNB and the SeNB, i.e., the MeNB and the SeNB may have multiple serving cells for a UE.
(b) MCG and SCG may operate either in the same or in different duplex schemes, i.e., MCG may be FDD while SCG is TDD.

According to [2], the maximum total number of serving cells per UE is 5 as for CA. Thus, a given UE can be assigned a total of 5 serving cells from both MCG and SCG. Since MCG and SCG may operate in different duplex schemes, it is implied that the multiple Rx/Tx of the UE can also support different duplex schemes.
For UEs without dual connectivity, under the TDD-FDD joint operation WI with CA, different cells may be configured with different duplex modes [4]. The key issues in TDD-FDD joint operation are the specification of PDSCH and HARQ timings to be followed when PCell and SCells are operating in different modes, and whether cross-carrier scheduling should be supported in Rel-12. 
For self-scheduling under TDD-FDD joint operation, when PCell is FDD carrier and SCell is TDD carrier, for PDSCH transmitted on SCell with self-scheduling, HARQ timing follows PCell timing. For the case where the PCell is TDD mode, two self-scheduling options are currently under consideration [5]:
Option 1) FDD SCell PDSCH timing depends on TDD PCell timing + additional new timing for remaining subframes of FDD SCell

・      If UL/DL configuration 5 is used, the number of HARQ processes is less than 17

Option 2-c) The PDSCH HARQ timing of FDD SCell follows the DL reference TDD U/D configuration, where the reference TDD U/D configuration is one of the existing 7 U/D configurations

                  2-c) The DL reference TDD U/D configuration is configured by higher layers.
We now examine the feasibility of having different duplex modes within a cell group under dual connectivity, bearing in mind the pertinent features of TDD-FDD joint operation with CA. Under the 1A architecture for dual connectivity, S1-U terminates at the SeNB and no bearer split is performed. Thus MCG and SCG operate with minimal coordination for alternative 1A. Under the 3C architecture, S1-U terminates at the MeNB and bearer split is performed. For both architectures, the following scenarios are possible when different duplex modes exist within either MCG or SCG: 
Within MCG: (a) MCG PCell is FDD while MCG SCells may be TDD; (b) MCG PCell is TDD while MCG SCells may be FDD.
Within SCG: (a) SCG special cell is FDD while SCG SCells may be TDD; (b) SCG special cell is TDD while SCG SCells may be FDD.

Due to the availability of PUCCH on the special SeNB cell, the solutions under discussion for TDD-FDD joint operation with CA are generally also applicable to dual connectivity. Cross-carrier scheduling within a cell group is not limited by backhaul latency issues if all SCells are assumed to be co-located, however, a lack of common understanding regarding the HARQ timings of the cross-scheduled cell makes self-scheduling more desirable for Release 12. When the MCG PCell or special SeNB cell is FDD mode, for simplicity the TDD SCells can continue to follow its HARQ timing as in TDD-FDD joint operation. When the MCG PCell or special SeNB cell is TDD mode, based on the previous discussion, either Option 1 or Option 2-c of TDD-FDD joint operation are available alternatives. In Option 2-c, the DL reference TDD configuration is configured by higher layers. However, in dual connectivity RRC messages are not transmitted by the SeNB [2]. Therefore, in order to adopt Option 2-c for SCG, the reference configuration would have to be signalled via the MeNB over the non-ideal backhaul. This would incur additional delays compared to Option 1 and is thus not preferred.
We then have the following proposals.

Proposal 1: Cells within the MCG or SCG should be able to operate with different duplex schemes. Only self-scheduling by cells within a group should be supported when different duplex schemes are in use.
Proposal 2: Within a cell group (MCG or SCG), if the PCell or special cell is FDD mode, for any TDD SCell, self-scheduling should be used with HARQ timing following the PCell timing.

Proposal 3: Within a cell group (MCG or SCG), if the PCell or special cell is TDD mode, for any FDD SCell, self-scheduling should be used with SCell HARQ timing depending on TDD PCell timing along with additional new timing for remaining subframes as specified under TDD-FDD joint operation.

2.2 UL data split 
DL bearer split is the principal feature of dual connectivity architecture 3C. 

For the case of UL data split across eNBs, a UE would be able to transmit user-plane data intended for the SeNB to the MeNB. In our opinion the following drawbacks hinder the adoption of UL data split:
· Need to route, process and buffer all dual connectivity traffic in MeNB, and additional latency due to packet forwarding to the SeNB over non-ideal backhaul links.
· PUSCH grants for SeNB data would have to be made by the MeNB, which implies some level of coordinated scheduling and additional specification of how coordination is performed.
Furthermore, it is expected that simultaneous PUCCH transmissions to SeNB and MeNB will be supported [3], which somewhat obviates the need for UL data split.
Proposal 4: Transmission of user-plane data to one eNB only should be prioritized for Release 12.  

3.

Conclusion
We have the following proposals:
Proposal 1: Cells within the MCG or SCG should be able to operate with different duplex schemes. Only self-scheduling by cells within a group should be supported when different duplex schemes are in use.
Proposal 2: Within a cell group (MCG or SCG), if the PCell or special cell is FDD mode, for any TDD SCell, self-scheduling should be used with HARQ timing following the PCell timing.

Proposal 3: Within a cell group (MCG or SCG), if the PCell or special cell is TDD mode, for any FDD SCell, self-scheduling should be used with SCell HARQ timing depending on TDD PCell timing along with additional new timing for remaining subframes as specified under TDD-FDD joint operation.

Proposal 4: Transmission of user-plane data to one eNB only should be prioritized for Release 12.
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