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1 Introduction

In the RAN1#74 meeting, TDD-FDD joint operation was discussed and the following conclusions were agreed [1]:
· LTE TDD-FDD carrier aggregation solution according to the agreement in RP-130888 is identified for TDD-FDD joint operation solution in case ideal-backhaul is assumed.
· If it is decided to specify dual connectivity as a result of the RAN2 small cell enhancement SI, and it is decided to support a solution that is not based on CA for TDD-FDD joint operation, then it would be desirable that the dual connectivity feature would be designed to support TDD-FDD dual connectivity in the applicable scenarios, in addition to TDD-TDD and FDD-FDD dual connectivity.

· Identify whether there are any relevant scenarios and requirements that are not satisfied by the above two bullets, and if so, identify appropriate solutions.
In the RAN#61 meeting, the WI for TDD-FDD joint operation was updated [2] and it was concluded that the study phase for TR on TDD-FDD joint operation scenarios and requirements continues until RAN#62. This contribution discusses the remaining aspects of scenarios and UE requirements for TDD-FDD joint operation, mainly focuses on UE requirements for TDD-FDD joint operation. Other details of TDD-FDD CA are discussed in companion contributions [3][4]. 
2 Discussion on UE requirements 
In the RAN1#74 meeting, UE requirements for TDD-FDD joint operation was discussed and it was concluded that solutions can be considered which support UEs which do not have one or more of the following capabilities, as well as solutions which require one or more of these capabilities [1]:  
· 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) 
From the above conclusion, the UE requirements for TDD-FDD joint operation still need further discussion since not all possible combinations of these capabilities may need to be supported. 

Definition: A full-duplex FDD UE that supports simultaneous uplink transmission on FDD (resp. TDD) and downlink reception on TDD (resp. FDD) in a band combination is considered as a full-duplex UE for that band combination, otherwise the UE is considered as a half-duplex UE for that band combination.
2.1 UE requirements for improving per-user throughput
It is clear that TDD-FDD carrier aggregation will be introduced in Rel-12 [1][2]. For TDD-FDD carrier aggregation the UE should have CA capability, which means that at least DL aggregation is required. The question is whether TDD-FDD carrier aggregation should only target UEs without UL aggregation capability. Due to implementation complexity, UEs without UL aggregation capability would still exist so it is worth supporting this kind of UE for TDD-FDD carrier aggregation.  
An additional consideration is whether the UE is a full-duplex UE or a half-duplex UE. As described in [5], the FDD-TDD band combination can impact UE implementation in terms of full-duplex and half-duplex operation, depending on whether sufficient frequency separation for transmission and reception exists. There will be typical deployments where the carrier frequency of TDD is far away enough from the FDD carrier frequencies, which means full-duplex UEs are easy to implement and thus should be supported.
Proposal 1: TDD-FDD carrier aggregation should support full-duplex CA-capable UEs. A full-duplex CA-capable UE supports DL aggregation, and may or may not support UL aggregation.
2.2 UE requirements for supporting any band combination
According to [6], except for the combination of TDD and TDD spectrum where carrier frequency of TDD is far away enough from FDD carrier frequencies, the following combinations of TDD and FDD spectrum can also be considered for supporting TDD and FDD joint operation:

· Carrier frequency of TDD is near the UL band of joint operated FDD

· Carrier frequency of TDD is near the DL band of joint operated FDD

· Carrier frequency of TDD is located between the UL band and DL band of joint operated FDD

If the above combinations of TDD and FDD spectrum are supported for TDD-FDD carrier aggregation, then the UEs may not be capable of supporting simultaneous transmission and reception on FDD and TDD, i.e. half-duplex operation is needed. Thus half-duplex operation for TDD-FDD carrier aggregation should also be supported by Rel-12 specifications in prevision of specific band combinations introduced in RAN4.
An example of half-duplex operation is shown in figure 1, where the subframe direction of the FDD serving cell follows the TDD UL/DL configuration of the TDD serving cell and the HARQ timing of the FDD serving cell follows the HARQ timing of the TDD serving cell. Another possible alternative is to support half-duplex operation with scheduling restriction.     
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Figure 1. An example of TDD-FDD CA for half-duplex UEs
Proposal 2: TDD-FDD carrier aggregation should support half-duplex CA-capable UEs. A half-duplex CA-capable UE supports DL aggregation, and may or may not support UL aggregation.
The same reasons apply in terms of TDD and FDD bands for operation with multiple stream aggregation (MSA) in deployments with non-ideal backhaul between serving cells, thus TDD-FDD MSA should support full-duplex UEs and half-duplex UEs.
2.3 UE requirements for low complexity implementation
For dual-mode operation specified in Rel-8/9/10/11, a dual-mode UE can only operate on either FDD serving cell or TDD serving cell, and needs a handover procedure to switch between FDD serving cell and TDD serving cell, which is typically slow. Possible enhancements to dual mode UEs were discussed in the RAN1 #74 meeting, and the possible enhanced dual mode UE types are as below [7]:

· Type 1: independent simultaneous operation on TDD and FDD (i.e. two UEs in one terminal, baseband capabilities similar to CA-single mode UE).

· Type 2: non-simultaneous operation on TDD and FDD (i.e. fast switching without handover, shared baseband capabilities similar to non-CA capable single mode UE).
Enhanced dual mode UEs of type 1 may require duplicating most of the functionalities and there are implementation challenges depending on the operating bands, similarly to issues raised for half-duplex UEs. In this case, even a duplicated implementation of the TDD and FDD baseband and RF would not allow the UE to totally independently operate on TDD and FDD bands simultaneously. In addition, such a complex UE would be more efficiently handled by the network if the network has the knowledge of the UE capability, for example by operating with TDD-FDD carrier aggregation or TDD-FDD MSA. Therefore, enhanced dual mode UEs of type 1 should no longer be considered.
Enhanced dual mode UEs of type 2 would reuse most of the conventional legacy dual mode UE implementation. For example, it is possible that there is no need to increase the number of RF chains and can maintain the similar baseband capability. That is, enhanced dual mode UEs of type 2 have single transmission and single reception capability in one subframe, and can only receive and/or transmit on one serving cell in one subframe and switch between FDD serving cell(s) and TDD serving cell(s) dynamically or semi-statically.
It can be expected that supporting enhanced dual mode UEs of type 2 can help improve system performance and user experience by fully utilizing TDD and FDD spectrum resources, by allowing load balancing gain and carrier selection gain, even though the UE cannot achieve a higher peak data rate due to the baseband and/or RF constraints. In addition, enhanced dual mode UEs of type 2 can be supported in all the deployment scenarios of TDD-FDD joint operation. Thus, enhanced dual mode UEs with switching between FDD and TDD dynamically or semi-statically can be considered for TDD-FDD joint operation.   
Proposal 3: Enhanced dual mode UEs with switching between FDD and TDD dynamically or semi-statically can be considered for TDD-FDD joint operation.
From a higher-layer perspective, it is anticipated that CA or MSA protocols can directly be reused to support such enhanced dual mode UEs, while the standard impact is limited to MAC and physical layer.
Observation: Enhanced dual mode UEs can be supported by CA higher-layer implementation (in case of ideal backhaul) or MSA higher-layer implementation (in case of ideal or non-ideal backhaul).

3 Conclusion

This contribution discusses the remaining aspects of scenarios and UE requirements for TDD-FDD joint operation, mainly focuses on the UE requirements for TDD-FDD joint operation. 
Based on the discussion, we have the following proposals and observation:

Proposal 1: TDD-FDD carrier aggregation should support full-duplex CA-capable UEs. A full-duplex CA-capable UE supports DL aggregation, and may or may not support UL aggregation.
Proposal 2: TDD-FDD carrier aggregation should support half-duplex CA-capable UEs. A half-duplex CA-capable UE supports DL aggregation, and may or may not support UL aggregation.
Proposal 3: Enhanced dual mode UEs with switching between FDD and TDD dynamically or semi-statically can be considered for TDD-FDD joint operation.
Observation: Enhanced dual mode UEs can be supported by CA higher-layer implementation (in case of ideal backhaul) or MSA higher-layer implementation (in case of ideal or non-ideal backhaul).
The above clarifications on the scenarios and UE requirements should be captured in TR 36.847 for completeness according to the WID, such as in the text proposal in [8].
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