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1 Introduction
The newly started work item on joint TDD and FDD operation includes an initial study phase to identify additional schemes other than CA to support joint TDD and FDD operation [1]. The applicable scenarios to which these schemes are applicable are highlighted in [2]. In this contribution we expand our view and findings on other applicable schemes for the joint TDD and FDD operation.

2 Discussion

In the WID [1], two additional schemes are highlighted as example schemes to provide joint TDD and FDD operation; these schemes are multi-stream aggregation and dual-mode UE supporting simultaneous operation on both nodes. We will here further analyze these schemes and what extra benefits or complexity issues they would yield.
2.1 Dual mode TDD and FDD operation

Dual mode TDD and FDD operation is a UE that attaches to a TDD and FDD cell separately from each other, without RLC/RRC/(or RAN) coordination. This compared to the scenario for dual connectivity where it is assumed that the network nodes can coordinated at some level, e.g. on RLC, RRC and RAN level. It is further very different from carrier aggregation wherein very tight coordination between the aggregated cells is assumed. 

For the UE to support this type of operation it would in principle require it to be built up by two separate UEs that are joined together. The impacts of such a design on high layers are therefore very uncertain. Most likely such a UE would have to have multiple connections to the core network, i.e. one connection per cell. How the impact looks like on the core network for this type of behaviour is unknown and is within the expertise of SA2. Most likely the UE would need to operate multiple IP addresses wherein typically one IP addresses is used per connected node. The application layer in the phone would need to divide the traffic between the IP addresses in a good way. It is then questionable if this is actually feasible and what type of operation scenario is considered when there is a large throughput need and the UE can at the same time utilise multiple UP addresses. Another issue is how mobility for such a UE would be handled, can for example a UE with a connection to both a TDD and FDD cell, be HO from the TDD cell to the already connected FDD cell or not. Should in this case the UE retain two connections to the same cell or should it only have single connection to that cell? If the UE has multiple connection to the same cell it is further a question if the UE needs to have multiple IMSI identifier or not. If 3GPP continues to study this scheme input from RAN2 and SA2 would be needed before continuing further in order to understand the impact on network architecture and protocol and requirement UE identities. 

Observation

· UEs supporting dual mode TDD and FDD simultaneously while most likely have impact on higher layer and core network. Several potential issues have been identified

· If UEs supporting dual mode TDD and FDD simultaneously is continued to be studied in 3GPP, input is needed from at least SA2 and RAN2 on core network and mobility aspects.

On the physical layer we observer that the impact from a UE that is operating on multiple cells without eNBs knowledge, is that UE would be required to support multiple receivers and transmitters. It is further given that the UE needs to share its power in the UL carriers on two or more systems it is connected to. Since each scheduling eNB is operating completely independent from the other eNBs the scheduling of UL data will be extremely difficult since it will not be possible for each corresponding eNB to perform a good link adaptation as both eNBs are competing about the same resources. Consequently the dual mode TDD and FDD UE would not be able to achieve as high performance as a dual connectivity UE, as there eNB could coordinate their scheduling in a better way.

Observation

· UL scheduling and link adaptation will be very impaired by dual mode TDD and FDD operation and never perform better then dual connectivity operation between TDD and FDD
To make the impact of this less server one can foresee that certain information is forward to the involved eNBs to aid for example the link adaptation. However, the design would then target the same scenario as dual connectivity.

Proposal

· Support of dual mode TDD and FDD operation is not recommended for joint TDD and TDD operation WI
2.2 Dual connectivity support for TDD and FDD operation

In the WID the naming multi-stream aggregation is used. It is our understanding that this refers to actually dual connectivity that is being discussed within the on-going small cell study items. Therefore we will use the naming dual connectivity from now on to refer to this type of schemes.

As previously mentioned dual connectivity is targeting a scenario wherein the aggregated cells are connected with non-ideal backhaul. This in principle extends the use case of aggregating multiple cells outside the deployment scenarios for carrier aggregation. The design for dual connectivity is the currently on-going in a study item phase. Wherein in the design has mainly been handled by RAN2 up to this point. Dual connectivity support for TDD-FDD joint operation would allow the same kind of benefits as dual connectivity within FDD or TDD operation. Although the conclusions on this are not yet finalized, examples of benefits would mainly be increased mobility robustness and increased throughput. Correspondingly if dual connectivity is found to be useful it should be extended to support TDD and FDD joint operation. 

Observation

· Dual connectivity between TDD and FDD cells would yield the same benefits as dual connectivity between only FDD or TDD cells
Up to this date mostly higher layer aspects of dual connectivity has been discussed in 3GPP. It is however foreseen that there will be physical layer impact of the dual connectivity design, this to enable support for the non-ideal backhaul. The impact on physical layer would for example be that the L1 control signalling would be defined per connected cell. Such a design would also be possible to assume for CA between TDD and FDD. The benefits of assuming the same physical layer design for dual connectivity and CA would be to easy UE and network implementation, as a single scheme would only be needed to be supported.
Proposal

· If dual connectivity is found to be beneficial, it should in addition support joint TDD-FDD operation

· Considered whether to assume the same physical layer design for dual connectivity and CA for joint TDD-FDD operation
3 Conclusions

In this contribution, we have studied other schemes than CA to deploy TDD-FDD joint operation. In the contribution we have made the following observation that we propose should be reflected in the work on the TR for joint TDD and FDD operation

· UEs supporting dual mode TDD and FDD simultaneously while most likely have impact on higher layer and core network. Several potential issues have been identified
· If UEs supporting dual mode TDD and FDD simultaneously is continued to be studied in 3GPP, input is needed from at least SA2 and RAN2 on core network and mobility aspects. 
· UL scheduling and link adaptation will be very impaired by dual mode TDD and FDD operation and never perform better then dual connectivity operation between TDD and FDD
· Dual connectivity between TDD and FDD cells would yield the same benefits as dual connectivity between only FDD or TDD cells

Based on the discussion in the contribution we make the following proposals that we propose should be reflected in the work on the TR for joint TDD and FDD operation 
· Support of dual mode TDD and FDD operation is not recommended for joint TDD and FDD operation WI
· If dual connectivity is found to be beneficial, it should in addition support joint TDD-FDD operation

· Considered whether to assume the same physical layer design for dual connectivity and CA for joint TDD-FDD operation
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