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1. Introduction & Background
At the 3GPP TSG RAN #60 meeting, a new WI “LTE TDD-FDD Joint Operation”  was agreed to start study solutions to enhance LTE TDD-FDD joint operation [1] and specify if any. During the past  3GPP TSG RAN WG1 #74 meeting, the v.1.0.0 of TR 36.847 is finished [2], in which the scenarios, requirements and potential solutions for TDD/FDD joint operation are preliminary determined. 
In [2], the terminal requirements for TDD-FDD joint operation are listed as follows:
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:

· 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)
In this proposal, we will discuss the evolution of UEs to support TDD-FDD joint operation. Based on the discussion, a text proposal is proposed for TR 36.847.
2. Evolution of UEs to support TDD-FDD joint operation
It is expected that different joint operation solutions may have different requirements from UE pespective. Figure. 1 shows the evolution of dual-mode UEs and implementation constraints to support TDD-FDD joint operation. In the following, we will discuss the detailes of UEs for the potential solutions of TDD-FDD joint operation, e.g., TDD-FDD CA, TDD-FDD MSA and enhanced dual-mode solutions.
UEs that can benefit from TDD-FDD joint operation should at least support the legacy dual-mode operations. Such dual-mode UEs which have  both TDD andFDD RFs modules can benefit from the development of multi-mode terminals. And roaming from different areas/countries/operators between different duplex mode will be easier because of such multi-mode terminal.

Whether dual-mode RFs can or cannot work simutaneously should be decided according to the UE complexity. For different TDD-FDD joint operation solutions, the evolution requirements of dual-mode UEs are different. The main two modules that can be enhanced are the Base Band (BB) and the RFs. 
To support the TDD-FDD joint operation, the evolution of BB falls into three categories: the single non-CA-capable BB, the single CA-capable BB and multiple non-CA-capable BBs.  Specifically, the single non-CA-capable BB of dual-mode UE is similar to the non-CA-capable BB of single-mode UE, which is unable to process multiple streams in different carrier bands simutaneously. The single CA-capable BB is an enhanced BB to support CA, which is capable of processing multiple streams in different carrier bands simutaneously. While the multiple non-CA-capable BBs means to integrate multiple non-CA-capable BBs in the same terminal to enable the UE to handling multple data streams at the same time but with separate processors.
With regard to the single non-CA-capable BB, the minimum RF requirement is 1Tx&1Rx, with which the dual-mode UE can benefit from the legacy TDD-FDD inter-working operations, such as the redirection, reselection and handover. Besides, other enhanced dual-mode solutions as discussed in [3] can be developed to improve the user experience. Moreover, the MSA solution may also apply TDM approach to support receiving or transmit streams on multiple carrier bands.
If the BB supports CA, i.e., the single CA-capable BB, it is possible to receive data streams from two duplex mode at the same time with support of equipping the dual-mode UE with 2Rx RFs. For such kind of dual-mode UEs, the TDD-FDD CA solution can be supported, and the MSA can be adopted in the way of receiving multiple streams on different carrier bands simutaneously. It is worth to note that the legacy TDD-FDD inter-working operation and other enhanced dual-mode solutions that applicable for dual-mode UEs with single non-CA-capable BB can all be employed to service the dual-mode UEs with single CA-capable BB and 1Tx&1Rx.
If the terminal is equipped with multiple non-CA-capable BBs, independent RFs for each would be easier to implement, i.e., 2Tx&2Rx. It is obvious that this kind of terminal acts similar as two UEs in one terminal and it supports independent simultaneous operations on both TDD and FDD, MSA solution may be applied with additional support of interaction between two modes. The legacy TDD-FDD inter-working operation and other enhanced dual-mode solutions can also be employed to service the dual-mode UEs with multiple non-CA-capable BBs and 1Tx&1Rx.
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Fig.1. The evolution of UEs to support TDD-FDD joint operation.
One of the possible UE capabilities was captured as:
· simultaneous transmission and reception on FDD and TDD (i.e. full duplex) 
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.

Except for the combination of TDD and TDD spectrum where carrier frequency of TDD is far away enough from FDD carrier frequencies, the combinations of TDD and FDD spectrum described in section 4.1.3 of the TR [2] may need to support TDD and FDD joint operation in prevision of specific band combinations introduced in RAN4. In these cases, UEs may not be capable of supporting simultaneous transmission and reception on FDD and TDD due to implementation complexity, so half-duplex operation is needed.
For clarity, the following definition is assumed for half or full duplex UE:

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.
3. Conclusion
In this contribution, we discussed the evolution of UEs to support TDD-FDD joint operation. Our discussions show that:
· The UEs that can benefit from TDD-FDD joint operation should at least be the dual-mode UEs, which have both TDD and FDD RFs and the dual-mode RFs may or maynot work simutaneously. For different TDD-FDD joint operation solutions, the evolution requirements of dual-mode UEs are different.

· For the dual-mode UEs with single non-CA-capable BB, the minimum RF requirement is 1Tx&1Rx. The legacy TDD-FDD inter-working operation, MSA can be developed to improve the user experience. 

· For the dual-mode UEs with single CA-capable BB, it is natural and straightforward to equip the dual-mode UE with 2Rx RFs. The TDD-FDD CA and MSA solutionss can be supported. 

· For the dual-mode UEs with multiple non-CA-capable BBs, 2Tx&2Rx are the reasonable RF configuration. It supports independent simultaneous operations on both TDD and FDD, thus the MSA solution can be applied. 
· Different band combinations impose different implementation constraints on the UE, so both full duplex and half duplex UEs should be able to support TDD-FDD joint operation.
4. Text proposal 
-------------------------------------------------Start Text Proposal---------------------------------------------------------------
4.2.2
Terminal requirements

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:

· 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) 
It is expected that different joint operation solutions may have different requirements from UE pespective. Figure. 1 shows the evolution of dual-mode UEs and implementation constraints to support TDD-FDD joint operation. In the following, we will discuss the detailes of UEs for the potential solutions of TDD-FDD joint operation, e.g., TDD-FDD CA, TDD-FDD MSA and enhanced dual-mode solutions.
UEs that can benefit from TDD-FDD joint operation should at least support the legacy dual-mode operations. Such dual-mode UEs which have  both TDD andFDD RF modules can benefit from the development of multi-mode terminals. And roaming from different areas/countries/operators between different duplex mode will be easier because of such multi-mode terminal.

Whether dual-mode RFs can or cannot work simutaneously should be decided according to the UE complexity. For different TDD-FDD joint operation solutions, the evolution requirements of dual-mode UEs are different. The main two modules that can be enhanced are the Base Band (BB) and the RFs. 

To support the TDD-FDD joint operation, the evolution of BB falls into three categories: the single non-CA-capable BB, the single CA-capable BB and multiple non-CA-capable BBs.  Specifically, the single non-CA-capable BB of dual-mode UE is similar to the non-CA-capable BB of single-mode UE, which is unable to process multiple streams in different carrier bands simutaneously. The single CA-capable BB is an enhanced BB to support CA, which is capable of processing multiple streams in different carrier bands simutaneously. While the multiple non-CA-capable BBs means to integrate multiple non-CA-capable BBs in the same terminal to enable the UE to handling multple data streams at the same time but with separate processors.

With regard to the single non-CA-capable BB, the minimum RF requirement is 1Tx&1Rx, with which the dual-mode UE can benefit from the legacy TDD-FDD inter-working operations, such as the redirection, reselection and handover. Besides, other enhanced dual-mode solutions as discussed in [3] can be developed to improve the user experience. Moreover, the MSA solution may also apply TDM approach to support receiving or transmit streams on multiple carrier bands.

If the BB supports CA, i.e., the single CA-capable BB, it is possible to receive data streams from two duplex mode at the same time with support of equipping the dual-mode UE with 2Rx RFs. For such kind of dual-mode UEs, the TDD-FDD CA solution can be supported, and the MSA can be adopted in the way of receiving multiple streams on different carrier bands simutaneously. It is worth to note that the legacy TDD-FDD inter-working operation and other enhanced dual-mode solutions that applicable for dual-mode UEs with single non-CA-capable BB can all be employed to service the dual-mode UEs with single CA-capable BB and 1Tx&1Rx.

If the terminal is equipped with multiple non-CA-capable BBs, independent RFs for each would be easier to implement, i.e., 2Tx&2Rx. It is obvious that this kind of terminal acts similar as two UEs in one terminal and it supports independent simultaneous operations on both TDD and FDD, MSA solution may be applied with additional support of interaction between two modes. The legacy TDD-FDD inter-working operation and other enhanced dual-mode solutions can also be employed to service the dual-mode UEs with multiple non-CA-capable BBs and 1Tx&1Rx.
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Fig.1. The evolution of UEs to support TDD-FDD joint operation.
The UE capability may also differ in terms of simultaneous transmission and reception on FDD and TDD (i.e. full duplex), or non-simultaneous transmission and reception on FDD and TDD. 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.

Except for the combination of TDD and TDD spectrum where carrier frequency of TDD is far away enough from FDD carrier frequencies, the combinations of TDD and FDD spectrum described in section 4.1.3 of the TR [2] may need to support TDD and FDD joint operation in prevision of the support of specific band combinations. In these cases, UEs may not be capable of supporting simultaneous transmission and reception on FDD and TDD due to implementation complexity, so half-duplex operation is needed.
For clarity, the following definition is assumed for half or full duplex UE:

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.
----------------------------------------------------------End Text Proposal------------------------------------------------------

References
[1] 3GPP RP-130888: " New WI: LTE TDD – FDD Joint Operation ", June 2013.
[2] 3GPP TR 36.847: "Study on LTE TDD-FDD joint operation including Carrier Aggregation ", v1.0.0, Sep. 2013.

[3] R1-133522, Discussion on service fast switch and return in TDD and FDD joint operation, CMCC, 3GPP TSG-RAN WG1 #74, Barcelona, Spain, 19th – 23rd August 2013
[image: image3.png]


[image: image4.jpg]










































1/5

_1441444894.vsd
Legacy dual-mode UE


Single Non-CA-capable BB


Single CA-capable BB


Multiple Non-CA-capable BBs


BB evolution


1Tx&2Rx/2Tx&2Rx


Minimum RF Requirements


TDD-FDD Joint Operation Solutions


1Tx&1Rx



