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1
Introduction
At the RAN Plenary meeting #61 LTE TDD-FDD joint operation was adopted as a work item. The objective is to enhance LTE TDD – FDD joint operation with LTE TDD-FDD carrier aggregation feature and potentially also with other TDD-FDD joint operation.
In this document we address candidate solutions for LTE TDD-FDD joint operation other than carrier aggregation (CA).
2
Discussion
As specified in the WID (3GPP RP-130888), the Technical Report on TDD-FDD joint operation is to:

· Identify deployment scenarios of joint operation on FDD and TDD spectrum, and network/UE requirement to support joint FDD/TDD operation.

· Based on the identified deployment scenarios and network/UE requirements, identify possible other solutions  for FDD-TDD joint operation for example multi-stream aggregation and dual-mode UE supporting simultaneous operation on both modes in addition to LTE TDD-FDD carrier aggregation. 

2.1
Multi-stream Aggregation

The multi-stream operation involves dual UE connectivity to two cells that are not necessarily collocated and may not have ideal backhaul connection. Enabling dual connectivity for FDD-only and TDD-only systems is already being discussed in RAN2.

All technical reasons for endorsing dual connectivity (e.g. mobility robustness and better throughput performance) for FDD-only and TDD-only systems are equally applicable for TDD-FDD multi-stream aggregation.
Note that multi-stream operation with dual UE connectivity (regardless of the carrier type) can not utilize single PUCCH on PCell as in Rel-10/11. The approach where PUCCH for each cell is mapped on the corresponding UL carrier used for communication with that cell provides a relatively transparent and simple solution without significant specification impact and compromised performance. Such operation is transparent to the type of carrier, i.e. TDD or FDD. However, other possible approaches (e.g. TDM/FDM of the control channel among the cells) would have an impact with respect to the carrier type involved in the dual connectivity (i.e. FDD-FDD or TDD-TDD dual connectivity design can not be reused for TDD-FDD dual connectivity).
As a working assumption, RAN2 decided that the minimum UE capability for dual connectivity support is dual Tx/Rx. For now however RAN1 left the possibility to consider solutions for UEs which do not have one or more of the following capabilities, as well as solutions which require one or more of these UE capabilities:
· Simultaneous reception on FDD and TDD carriers (i.e. DL aggregation)
· Simultaneous transmission on FDD and TDD (i.e. UL aggregation)

· Simultaneous transmission and reception on FDD and TDD (i.e. full duplex).

For the support of dual connectivity for TDD-FDD joint operation we believe that the minimum UE capability needs to be dual Tx/Rx, as any dual connectivity operation requires control/data exchange between a UE and all nodes involved in the communication.  This is consistent with the RAN2 decision for general dual connectivity operation. 
As noted above, supporting dual connectivity with UE capability smaller than dual Tx/Rx would involve considerable standardization effort and performance impact. Additionally, unless a UE is multiple Rx/Tx capable, the support of a scenario where serving cells belong to different timing adjustment group (TAG) is challenging, if not impossible (for TDM scheme, performance would incur significant degradation due to the transmission overlap during every TDM transmission switching, and operation is not possible for the FDM or any joint transmission approach)

Note that multiple Rx/Tx is introduced back in Rel-10 with CA, hence falling back to designing control for single Rx/Tx or multiple Rx/single Tx capable UEs to support Rel-12 dual connectivity feature does not seem sensible.
2.2
Dual-mode Operation

The dual-mode operation assumes a dual-mode UE supporting simultaneous operation on both modes in addition to LTE TDD-FDD CA. Namely, a UE can connect to a network using TDD carrier and FDD carrier independently at the same time. We want to note that handling two independent connections (possibly operated by different operators) of the same UE may not be an easy task, and would require additional design and implementation effort. Additionally, aspects such as core network load, max power management, and DRX/power saving, need to be accounted when considering dual-mode simultaneous (independent) operation. 
Due to the above mentioned challenges and not clear benefits that dual-mode UE supporting simultaneous operation on both modes in addition to LTE TDD-FDD CA brings in, we do not believe it should be supported in Rel-12.

On the other hand, if it is decided that dual-mode operation is to be supported then the minimum UE capability should be dual Tx/Rx. 
3
Conclusions 
In this document we discussed the candidate solutions for LTE TDD-FDD joint operation other than CA. Based on the discussion we propose the following:

Proposal 1: Multi-stream aggregation for LTE TDD-FDD joint operation is supported with the minimum UE capability of dual Tx/Rx. PUCCH for each cell is mapped on the corresponding UL carrier used for communication with that cell. Details are FFS.
Proposal 2: Dual-mode operation for LTE TDD-FDD joint operation is not supported.
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