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1. Introduction 
In RAN 60 meeting, a new WI [1] is approved on TDD-FFD joint operation. The main purpose of this WI is to support both TDD and FDD together.  This is motivated by the prediction that in the future, both TDD and FDD could be widely deployed in the fields, and at the same time supporting both TDD and FDD at UE could happen in the near future. Supporting TDD-FDD joint operation could provide more flexibility in spectrum utilization and will increase the system and user peak throughout. For example, if macro-cell supports FDD while small cell supports TDD, a UE that could support joint operation of TDD-FDD could access both cells at the same time, thus improve the system performance and increase the UE throughput. 
As the first step of this WI, the work plan for support TDD-FDD joint operation is under discussion on RAN reflector, trying to identify the deploying scenarios and requirements of TDD-FDD joint operation and possible solutions for TDD-FDD joint operation. More detail discussion on these two areas would be conducted at upcoming RAN1 #74 meeting which will be followed by email discussion if needed. The goal is to complete a drafted TR, which would be submitted to next RAN 61 meeting for approval.  More work will follow after that on detail solution development, for example, the solution that supports carrier aggregation (CA) for TDD-FDD. 

In this contribution, some preliminary views on some areas related to TDD-FDD joint operation are provided such as solutions to achieve TDD-FDD joint operation. The impact of these solutions to specification and UE complexity are also discussed. 
2. TDD-FDD joint operation
2.1. Deployment scenarios of TDD-FDD joint operation
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Figure 1:  TDD-FD joint operation scenarios
As briefly described in [2], deployment scenarios of TDD-FDD joint operation could happen in the same cell, or in different cells, which is shown in Figure 1. For example, both TDD band and FDD band could be supported in the same cell. That could be the consequence that a TDD operator and FDD operator share the same towers and have the similar deployment footprints, or an operator have both licenses for TDD and FDD operations.  The other scenario could be that one mode (TDD or FDD) is operated in macro-cell layer, while the other mode (TDD or FDD) is operated at pico cell or small cell layer. For example, an operator supports FDD in macro-cell layer, while TDD is supported at small cell layers by the same operator or a different operator.  
2.2. Solutions that supports TDD-FDD joint operations
In [2] three solutions to support TDD-FDD joint operation are mentioned
1. Carrier aggregation (CA) for TDD-FDD

2. Multiple stream aggregation solution

3. Dual TDD and FDD mode operation 

Figure 2 shows two examples of CA for TDD-FDD. For CA between TDD-FDD, similar design requirements as CA among the same duplex mode defined in Rel-10 could be followed. However, it is expected the design would be more complicated and require more efforts.  It is because that the same design for CA among the same mode may not be applicable to the case of CA between two or more carriers with different modes. For example, if FDD is used on primary cell (PCell), while TDD is used on a secondary cell (SCell), the cross-carrier scheduling from PCell to SCell may need further effort to be optimized due to the TDD characteristic on the SCell. In another example, if TDD is used on PCell and FDD is used on SCell, the ACK/NACK signal for downlink transmission on SCell could be delayed on PCell as it needs to be transmitted on a subframe configured for uplink transmission. That would impact on the HARQ process. Such changes may require more time and efforts on the specification and also add more complexity at UE side. 
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Figure 2:  Example of CA for TDD-FDD
For multiple stream aggregation solution, the current understanding is the UE could be able to receive /transmit multiple streams in downlink/uplink. Unlike Rel-10 CA,  the streams could come from multiple cells where non-ideal backhaul is assumed. For example, one stream could come from macro-cell, and another stream could come from a small cell, even though non-ideal backhaul is assumed among macro and small cells. In this sense, it is different from Rel-10 CA where multiple carriers are either from one cell or from different cells with ideal backhaul. This scheme is related to the dual connectivity study in RAN2.  Supporting such solution would increase UE downlink throughout and may ease the handover issue in the small cell deployment. For example, if UE could receive multiple streams simultaneously from multiple nodes, the handover could be handled in PHY. In TDD-FDD joint operation,  different modes could be  considered in this case, for example, downlink carriers could include both FDD and TDD, and uplink carrier could include both FDD and TDD. Figure 3 shows two examples of different FDD/TDD combinations. 
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Figure 3:  Example of TDD-FDD joint operation

For the third solution that supports dual modes of TDD-FDD operation, it simply means two modes are supported independently. Namely, the TDD could be supported on TDD carrier and FDD will be supported on FDD carrier (or carriers). There is no cross-carrier scheduling between TDD and FDD in downlink, and the uplink control signal would be transmitted on its own carrier respectively. This may require UE to transmit multiple PUCCHs simultaneously.   Figure 4 illustrates an example of dual mode for TDD-FDD joint operation where FDD and TDD are supported separately. 
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Figure 4:  Dual mode for TDD-FDD joint operation

2.3. Impact to standard and UE

Among these three solutions that mentioned in the previous section, there are pros and cons for each of them.  For CA of TDD-FDD solution, it may provide more efficient spectrum utilization as it integrates the design of FDD/TDD together.  However, it may also require the most standard efforts among the three solutions. This is mainly due to the fact that CA for TDD and CA for FDD are already defined in Rel-10, and they needs to be supported as backward compatibility requirement.  That would make the design of CA for joint TDD/FDD, which is on top of supporting Rel-10 CA, more difficult.  On the other side, the different characteristics of TDD and FDD operation also make the CA for joint TDD and FDD not that straightforward.  Some of the issues are mentioned in the previous section. From UE complexity perspective, it is expected that the most complexity increased for supporting CA for TDD/FDD could happen at the base band, which would heavily depend on the design. 
For multiple stream aggregation solution, it would require UE to receive/transmit multiple streams in downlink/uplink simultaneously. In baseband, the processing of both TDD and FDD would add additional complexity on top of UE capability of only supporting one of them. 
For dual mode solution, the support of FDD and TDD are completely independent, which means no PHY spec change may be needed.  Supporting dual modes may need to support simultaneously UL transmission for TDD and FDD. That would add more UE complexity. As at this stage, UE is only able to support one uplink transmission (1-Tx). 
As FDD band and TDD band are different, different band combination and testing need to be defined in RAN4 in order to support TDD-FDD joint operation, which require some standard efforts.  From UE perspective, the RF requirement could be higher if FDD and TDD bands are quite far from each other, for example, FDD operates at 800 MHz while TDD operates at 3.5 GHz. For baseband, the UE complexity could be similar as those UE that is CA capable. Certainly, optimization could be considered to support both TDD and FDD at the baseband.  
Table 1 summarizes some brief comparison among three solutions. In general, the solution 1 may require the most standard efforts in PHY, while the solution 3 may require the least standard efforts in PHY. From UE complexity perspective, solution 1 may also add most complexity to the UE while solution 3 may require the least addition of complexity.  In general, UE that supports solution 3 may have similar complexity as the UE that could support Rel-10 CA at baseband and RF front, except that it may need to support two uplink transmissions (2-Tx), which may require two power chains.  But it may be feasible considering that uplink CA is already defined in Re-10, and could be supported in the near future after RAN4 defines proper band combinations and tests. Certainly, solution 3 may bring some impact to the higher layer and even core network. Such impact needs to be assessed. Based on this, as starting point, we feel solution 2/3 could be considered for further study to support TDD-FDD joint operation.  CA for TDD-FDD could be further considered if more gains and benefits could be obtained with reasonable standard efforts and marginal increase of UE complexity. 
Table 1: Comparison between three solutions for TDD/FDD joint operation
	Solution for TDD/FDD joint operation
	Standard impact
	UE complexity at RF front
	UE complexity at baseband

	Solution 1: CA for TDD-FDD 
	· Standard impact could be large in RAN1

· RAN4 needs to define new band combination and testing cases
	· UE RF complexity would increase to support TDD/FDD band combination.
	· UE baseband complexity could increase to support CA for TDD/FDD. 



	Solution 2:  Multiple  streams aggregation
	· Standard impact could be medium in RAN1
· RAN4 needs to define new band combination and testing cases
	· UE RF complexity would be similar as solution 1


	· UE baseband complexity could be similar as solution 3. 



	Solution 3: Dual modes for TDD and FDD
	· No standard efforts may be needed in RAN1

· RAN4 needs to define new band combination and testing cases
· May have impact to high layer and core network
	· UE RF processing would be similar as other solutions in DL 

· UE may need to support 2-TX in uplink
· Require UE to transmit multiple PUCCHs simultaneously.

	· UE baseband processing would increase to process both TDD and FDD.  But could be less than solution 1. 



As supporting TDD-FDD joint operation could be considered as performance enhancement, not all UE shall be required to support this operation.  To achieve this, UE capability could be defined. For example, UE capability could be defined to support dual modes (FDD on one pair of carrier and TDD on another carrier). Other UE capability could be defined to support some CA features of TDD/FDD after the design is adopted in the standard. 
In summary, the following proposal could be considered as the starting point of TDD-FDD joint operation work mainly based on the PHY impact and UE complexity. 
Proposal:
1. Solutions that support TDD-FDD joint operation shall consider standard efforts, UE complexity and performance gain. 
2. UE capability could be defined to support TDD-FDD joint operation.

3. Consider dual mode and multi-stream aggregation for further study for TDD-FDD joint operation. 

4. Consider to support 2-Tx uplink transmission in TDD-FDD joint operation. 
5. Continue to study solutions on CA for TDD-FDD as further enhancement or alternative.

3. Conclusions

In this contribution, solutions and their pros and cons to support TDD-FDD joint operation are discussed. Some preliminary views/proposals are provided as the starting point for this work. 
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