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1 Introduction
In this contribution, we discuss whether to support TTI bundling in dual connectivity. 

2 Discussion
TTI bundling in CA

TTI bundling is for the UE with limited uplink transmission power to increase the uplink coverage, i.e., mainly for the UE close to the edge of a cell. Carrier aggregation (CA) is for the UE to increase the throughput, i.e., typically for the UE in good coverage of a cell. As the UE is connected to only one eNB, it is not likely that TTI bundling and CA are used at the same time. In addition, when multiple cells are configured for a UE, if TTI bundling is enabled for multiple cells, it was expected that HARQ operation becomes complex because the SCell can be activated/deactivated with time.

Therefore, in the current MAC specification, it is said, TTI bundling is not supported when the UE is configured with one or more SCells with configured uplink. If we simply extend the current MAC specification into dual connectivity, TTI bundling is not supported for both MeNB and SeNB because SCG SCell(s) are SCells.
TTI bundling in DC
TTI bundling towards the MeNB
In dual connectivity, as the UE is connected to two different eNBs, the UE can be in good coverage of one eNB while in the edge of coverage of the other eNB. Typically, the radio condition of the SeNB is better than that of the MeNB.

Without TTI bundling, in order to increase the uplink coverage of the MeNB, the UE should increase the transmission power for the data transmission to the MeNB. However, this approach might be undesirable or impossible for the UE with dual connectivity because the UE should be able to communicate with multiple cells with limited power.

Therefore, if the UE with dual connectivity falls into the bad coverage of the MeNB, TTI bundling needs to be used towards the MeNB to increase the uplink coverage. For this reason, we propose that the UE with dual connectivity supports TTI bundling towards the MeNB. 

Proposal 1. Support TTI bundling towards the MeNB.
TTI bundling towards the SeNB

For the SeNB, support of TTI bundling is not essential because the UE is generally in good coverage of the SeNB and typically the best effort traffic is served by the SeNB. However, from technical point of view, there is no problem to use the TTI bundling in the SeNB. Supporting TTI bundling only towards the MeNB may bring more complexity in the specification due to the asymmetry of the functionality. Moreover, though it is limited case, TTI bundling towards the SeNB would be useful for the UE in bad coverage of the SeNB and the SeNB serves real-time or streaming traffic. Therefore, we also propose that the UE with dual connectivity supports TTI bundling towards the SeNB.

Proposal 2. Support TTI bundling towards the SeNB.
Configuration of TTI bundling

With proposals 1 and 2, TTI bundling should be configured per MAC entity as there will be separate MAC entities per eNB. From a UE point of view, as the UE is scheduled from the different eNBs and different eNBs would schedule the UE in an independent manner, the UE would perform HARQ operation independently for different eNBs. Thus, there is no need to configure TTI bundling in consideration of whether TTI bundling is configured for the other eNB or not.

Proposal 3. TTI bundling is independently configured for each eNB.

For an eNB, if there is only one serving cell configured for the eNB, there is no problem foreseen in using TTI bundling for the eNB, regardless of the number of serving cells configured for the other eNB. In case multiple serving cells are configured for an eNB, however, the same concern as in CA still exists, i.e., HARQ operation would be complex because other serving cells of the eNB might be dynamically activated/deactivated. Thus, from one eNB point of view, it seems desirable to configure TTI bundling if there is only one serving cell configured for the eNB.

Proposal 4. TTI bundling is configured for an eNB if there is only one cell configured for the eNB.
3 Conclusion
In this contribution, we discussed whether to support TTI bundling in dual connectivity and propose the followings:
Proposal 1. Support TTI bundling towards the MeNB.
Proposal 2. Support TTI bundling towards the SeNB.
Proposal 3. TTI bundling is independently configured for each eNB.

Proposal 4. TTI bundling is configured for an eNB if there is only one cell configured for the eNB.
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