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1 Introduction

It has been confirmed in RAN1 #74 to support TDD-FDD carrier aggregation. One of the aspects that would impact design for TDD-FDD carrier aggregation is what UE assumptions should be made when it comes to support of number of carriers in both UL and DL. The design will also depend on the total amount of carriers that the UE would support. 

2 Discussion

Carrier aggregation was first introduced to LTE in Rel-10. It was further extended to support interband TDD carrier aggregation with different UL/DL configurations on different bands in Rel-11. For both LTE releases, the design has assumed a minimum UE hardware requirement of 2 DL receivers and 1 UL transmitter. One of the clear guiding facts was that lower UE hardware requirements allow more/lower-cost UEs to be configured with carrier aggregation to achieve higher data rates and user experience. 
Currently there is an ongoing SI on small cell on higher layer wherein the design for dual connectivity is being discussed. Dual connectivity in its general form has a wider use case than carrier aggregation. Currently the RAN2 discussion has focused around user plane aggregation and potential control and user plane separation. For user plane aggregation RAN2 has agreed to consider 2 Rx/Tx capable UE as a minimum UE requirement. For control/user plane separation the minimum UE requirements are not yet settled. The use case of user plane aggregation is then very similar to CA, with one big exception being that user plane aggregation is targeting non-ideal backhaul. Given that the backhaul is non-ideal it will lead to lesser gain in user plane aggregation than the gain in CA and also that each scheduler has to work independently. To achieve gains with user plane aggregation it is therefore in principle required that the UE can feedback HARQ states directly to each corresponding eNB. This is a major difference compared to CA wherein for CA it is possible to operate DL CA and leverage the full benefits with a single Tx in the UE. On the single UL cell the UE can transmit shared HARQ states for all aggregated DL cells that can then be shared directly internally within the eNB. 
Observation

· With CA it is possible to aggregate carriers only in DL and achieve the full benefits compared to user plane aggregation within dual connectivity which requires dual Rx/Tx to support in the UE to achieve full benefits in DL

We further note that DL carrier aggregation is a feature to enhance the DL throughputs for the whole cell coverage area, it is therefore important that the feature can also be used within as large part of the cell as possible. With this in mind we can then compare the minimum UE requirement of a single Tx or 2 Tx. When utilizing two transmitters simultaneously in the UL it will require the UE to perform power back-offs. The exact power back-off values are dependent on which band combination the UE aggregates. 
Observation

· A 2Tx UE can be required to perform larger power back-off then a single Tx UE
Some issues with carrier aggregation are band combination specific in its nature. On such example would be CA band combination 4 and 17.  For this band combination, a UE that transmits on the UL in band 17 create self-interference within the DL of band 4. This is caused by the third order harmonics from UL transmission in band 17 would fall in its receive band of band 4. This leads to significantly degraded performance on the DL of band 4. In this particular case, UL is only used in band 4. Thus, there are cases where it could be beneficial to utilize a single UL carrier to enhance the performance in DL. 
Observation

· For some aggregation band combinations, an UL carrier may cause significant self-interference towards a DL carrier in another band. 
Finally it is noted that even if the minimum UE requirement is to support a single Tx UE it is still possible to support a multi Tx UE. The multi Tx UE can then gain the benefits with UL CA that the single Tx UE is missing.
Observation

· Although the minimum UE requirements are to support a single Tx UE it is still possible to support a multi Tx capable UE
Proposal

· Minimum UE requirement to support TDD-FDD carrier aggregation is 2 receivers and 1 transmitter
Carrier aggregation from a core specification point of view except RAN4 supports aggregation of in total 5 carriers in both UL and DL. RAN4 has up to this date only completed CA band combination work for 2 DL carriers. It is however worth to note that there is ongoing work in RAN4 with specifying support for 3 carriers for some band combinations. Hence we see that there is currently an interest in deploying more than 2 carriers. Following the Rel-10 principle we say that we should define CA between TDD-FDD in a generic manner for up to 5 carriers in total

Proposal

· TDD-FDD carrier aggregation is introduce for up to 5 carriers in the core specifications
3 Conclusion

In this contribution we discuss minimum UE requirements and maximum UE requirements to support TDD-FDD carrier aggregation. In this contribution we made the following observations

· With CA it is possible to aggregate carriers only in DL and achieve the full benefits compared to user plane aggregation within dual connectivity which requires dual Rx/Tx to support in the UE to achieve full benefits in DL

· A 2Tx UE can be required to perform larger power back-off then a single Tx UE

· For some aggregation band combinations, an UL carrier may cause significant self-interference towards a DL carrier in another band. 
· Although the minimum UE requirements are to support a single Tx UE it is still possible to support a multi Tx capable UE
Based on these observations we propose

· Minimum UE requirement to support TDD-FDD carrier aggregation is 2 receivers and 1 transmitter
· TDD-FDD carrier aggregation is introduce for up to 5 carriers in the core specifications
