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1 Introduction

In the RAN#60 meeting, a new WI [1] for TDD-FDD joint operation was approved. 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 solutions depending on the outcome of the initial scenario evaluation phase of the work item.

As described in the WID [1], except for TDD-FDD carrier aggregation, other potential solutions like multi-stream aggregation and dual mode UE supporting simultaneous operation on both modes are also possible solutions for TDD-FDD joint operation, based on the identified deployment scenarios and network/UE requirements. The deployment scenarios and requirements are discussed in our companion contribution [2]. This contribution discusses the use cases and main technical features for each potential solution of TDD-FDD joint operation.
2 Discussion 
As discussed in [2], TDD-FDD joint operation should target the deployments scenarios as below:

· CA deployment scenarios 1, 2, 3, and 4.
· Small cell scenarios 2a and 2b with both ideal and non-ideal backhaul.

This section discusses the use cases and main technical features for each potential solution of TDD-FDD joint operation based on the above deployment scenarios [2].  
2.1 TDD-FDD carrier aggregation   
In Rel-10/11, carrier aggregation offers means to increase user peak data rate and throughput by aggregating multiple carriers with the same frame structure type. TDD-FDD carrier aggregation can be used to increase user peak data rate by aggregating TDD and FDD spectrum resources. It is straightforward that CA deployment scenarios 1, 2, 3 and 4 can be the deployment scenarios of TDD-FDD joint carrier aggregation. In addition, if the backhaul between the macro cell and a cluster of small cells is ideal in small cell scenarios 2a and 2b, these two scenarios are similar as CA deployment scenario 4, thus TDD-FDD carrier aggregation can also be used.   
As described in [2], TDD-FDD carrier aggregation should target UEs both with single-uplink transmission and multi-downlink reception capability in one subframe and UEs with multi-uplink transmission and multi-downlink reception capability in one subframe. It can be expected that TDD-FDD carrier aggregation can reuse most of the schemes for carrier aggregation in Rel-10/11. One possible technical feature that needs further study is HARQ-ACK feedback, such as which serving cell(s) will be used to transmit HARQ-ACK and the corresponding HARQ-ACK timing for FDD serving cell and/or TDD serving cell. Another possible technical feature that needs further study is cross-carrier scheduling, such as how to support cross-carrier scheduling if TDD serving cell is the scheduling cell and FDD serving cell is the scheduled cell, because the number of downlink subframes on the TDD serving cell is less than that on the FDD serving cell.    
Proposal 1: The use cases and main technical features for TDD-FDD carrier aggregation are as below: 
· Target CA deployment scenarios 1, 2, 3, and 4, and small cell deployment scenarios 2a and 2b with ideal backhaul between macro cell and a cluster of small cells. 
· Target UEs with single-uplink transmission and multi-downlink reception capability in one subframe and UEs with multi-uplink transmission and multi-downlink reception capability in one subframe.
· HARQ-ACK feedback and cross-carrier scheduling need further study.
2.2 Multi-stream aggregation  
Multi-Stream Aggregation (MSA) is a technology which extends CA and CoMP types of operations to high layer (MAC and upward), and makes it possible for UE to receive traffic streams from multiple transmission nodes (e.g., LTE eNB), even when non-ideal backhaul is involved. As described in [3], the main objectives of MSA are to increase user throughput by aggregating multi-eNB radio resource and improve mobility performance. Target scenarios are small cell deployment scenarios 2a and 2b with non-ideal backhaul between the macro cell and a cluster of small cells [2].
As described in [2], MSA should target UEs with all different capabilities (UEs with multi-uplink transmission and multi-downlink reception capability in one subframe, UEs with single-uplink transmission and multi-downlink reception capability in one subframe, and UEs with single-uplink transmission and single-downlink reception capability in one subframe). More specifically, if MSA is used to increase user peak data rate, then it should target UEs with multi-downlink reception capability in one subframe, both single-uplink transmission and multi-uplink transmission capability in one subframe should be considered. In addition, MSA can improve mobility performance for UEs with single-uplink transmission and single-downlink reception. Even though peak data rate cannot be increased for such UEs, the user perceived throughput can still be increased by allowing operation on both FDD and TDD carriers. 

As described in [4], one possible technical feature that needs further study in RAN1 is UCI feedback, because the UCI feedback mechanism for carrier aggregation in Rel-10/11 is difficult to be reused since the backhaul is non-ideal. Another possible technical feature that needs further study in RAN1 is power control, for example, if UCI is allowed to be transmitted independently on the uplink serving cell associated with the downlink transmission, then independent PUCCH power control mechanism for each PUCCH is needed and a power scaling mechanism may also need to be designed. In addition, for UEs with single-uplink transmission capability in one subframe, a time-division technique for uplink transmission on FDD serving cell and TDD serving cell would need to be defined if the UE is allowed to transmit uplink on both serving cells. For UEs with single-downlink reception capability in one subframe, a time-division technique for downlink transmission on FDD serving cell and TDD serving cell would need to be defined    
Proposal 2: The use cases and main technical features for multi-stream aggregation (MSA) are as below:
· Target small cell scenarios 2a and 2b with non-ideal backhaul between the macro cell and a cluster of small cells. 
· Target UEs with all different capabilities:
· Multi-uplink transmission and multi-downlink reception in one subframe.
· Single-uplink transmission and multi-downlink reception in one subframe.
· Single-uplink transmission and single-downlink reception in one subframe.
· UCI feedback and power control need further study. 
2.3 Enhanced dual-mode operation
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 handover procedures to switch between FDD serving cell and TDD serving cell, which is typically slow. Identifying possible other solution like dual-mode UE supporting simultaneous operation on both modes in addition to TDD-FDD carrier aggregation is one objective of the WI for TDD-FDD joint operation [1]. Supporting simultaneous operation on both modes for a dual-mode UE can be considered as an enhanced dual-mode operation, and the corresponding dual-mode UE can be considered as an enhanced dual-mode UE. It is possible to define enhanced dual-mode UEs, which can independently access a FDD serving cell and a TDD serving cell without knowledge at the network side, but this type of UE would require more RF and/or baseband capabilities. On the other hand, 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 MSA. Therefore, enhanced dual-mode operation should target UEs with single-uplink transmission and single-downlink reception capability in one subframe, which are still expected to be common in the future.   
Thus, enhanced dual-mode operation for TDD-FDD joint operation can refer to operation where a dual-mode UE can connect to both FDD serving cell(s) and TDD serving cell(s), but as for a conventional dual-mode UE, it 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, due to RF and/or baseband constraints. It can be expected that the enhanced dual-mode operation can enable an enhanced dual-mode UE to switch between FDD serving cell and TDD serving cell faster than with handover.
Enhanced dual-mode operation as a potential solution of joint TDD-FDD joint operation 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. It can be used for all the deployment scenarios of joint TDD-FDD operation, and it should target CA deployment scenarios 1, 2, 3 and 4, and small cell deployment scenarios 2a and 2b with both ideal and non-ideal backhaul.

One technical feature that needs to be defined for enhanced dual-mode operation is how to switch between FDD serving cell and TDD serving cell dynamically or semi-statically. Similar as TDD-FDD carrier aggregation and multi-stream aggregation of joint TDD-FDD operation, one more possible technical feature that needs further study for enhanced dual-mode operation is UCI feedback, especially HARQ-ACK feedback, such as where to transmit HARQ-ACK and the corresponding HARQ-ACK timing for FDD serving cell and/or TDD serving cell.          
Proposal 3: The use cases and main technical features for enhanced dual-mode operation are as below:
· Target CA deployment scenarios 1, 2, 3, and 4, and small cell scenarios 2a and 2b with both ideal and non-ideal backhaul. 
· Target UEs with single-uplink transmission and single-downlink reception capability in one subframe.
· Switching between FDD serving cell and TDD serving cell and UCI feedback need further study. 
2.4 Summary
Based on the above discussion, a brief summary of the use cases and main technical features for each potential solution of joint TDD-FDD operation is shown in Table 1 in Appendix A. We can see that multi-stream aggregation (MSA) and enhanced dual-mode operation can make TDD-FDD joint operation apply to more deployment scenarios and more UEs of different capabilities, which can improve the system performance and user experience by fully utilizing TDD and FDD spectrum resources. Thus, in addition to TDD-FDD carrier aggregation, multi-stream aggregation (MSA) and enhanced dual-mode operation should be specified in Rel-12 for TDD-FDD joint operation.  

Proposal 4: In addition to TDD-FDD carrier aggregation, multi-stream aggregation (MSA) and enhanced dual- mode operation should be specified in Rel-12 for TDD-FDD joint operation.
3 Conclusion

In this contribution, we discuss the use cases and main technical features for each potential solution of TDD-FDD joint operation. Based on the discussion in section 2, we have the following proposals:
Proposal 1: The use cases and main technical features for TDD-FDD carrier aggregation are as below:

· Target CA deployment scenarios 1, 2, 3, and 4, and small cell deployment scenarios 2a and 2b with ideal backhaul between macro cell and a cluster of small cells. ,

· Target UEs with single-uplink transmission and multi-downlink reception capability in one subframe and UEs with multi-uplink transmission and multi-downlink reception capability in one subframe.
· HARQ-ACK feedback and cross-carrier scheduling need further study.
Proposal 2: The use cases and main technical features for multi-stream aggregation (MSA) are as below:
· Target small cell scenarios 2a and 2b with non-ideal backhaul between the macro cell and a cluster of small cells. 
· Target UEs with all different capabilities:
· Multi-uplink transmission and multi-downlink reception in one subframe.
· Single-uplink transmission and multi-downlink reception in one subframe.
· Single-uplink transmission and single-downlink reception in one subframe. 

· UCI feedback needs further study. Power control may also need further study. 
Proposal 3: The use cases and main technical features for enhanced dual-mode operation are as below:
· Target CA deployment scenarios 1, 2, 3, and 4, and small cell scenarios 2a and 2b with both ideal and non-ideal backhaul. 
· Target UEs with single-uplink transmission and single-downlink reception capability in one subframe.
· Switching between FDD serving cell and TDD serving cell and UCI feedback need further study. 
Proposal 4: In addition to TDD-FDD carrier aggregation, multi-stream aggregation (MSA) and enhanced dual- mode operation should be specified in Rel-12 for TDD-FDD joint operation.
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Appendix A
A brief summary of the use cases and main technical features for each potential solution of joint TDD-FDD operation is shown in Table 1. 
Table 1: Summary of use cases.
	
	Target scenarios
	Target UEs
	Description
	Solutions

	Case 1
	- CA deployment scenario 1, 2, 3 and 4 

- Small cell scenarios 2a and 2b with ideal backhaul between macro cell and a cluster of small cells
	- Single-uplink transmission and multi-downlink reception in one subframe 

- Multi-uplink transmission and multi-downlink reception in one subframe
	Benefits:
- Increase user peak data rate 

Main technical features:
- HARQ-ACK feedback

- Cross-carrier scheduling 
	TDD-FDD carrier aggregation

	Case 2a
	- Small cell scenarios 2a and 2b with non-ideal backhaul between macro cell and a cluster of small cells
	- Single-uplink transmission and multi-downlink reception in one subframe 

- Multi-uplink transmission and multi-downlink reception in one subframe
	Benefits:
- Increase user peak data rate 

Main technical features:
- UCI feedback

- Power control 
	Multi-stream aggregation

	Case 2b
	- Small cell scenarios 2a and 2b with non-ideal backhaul between macro cell and a cluster of small cells


	- Single-uplink transmission and multi-downlink reception in one subframe 

- Multi-uplink transmission and multi-downlink reception in one subframe
- Single-uplink transmission and single-downlink reception in one subframe 
	Benefits:
- Improve mobility performance 

Main technical features:
- UCI feedback
- Power control
	Multi-stream aggregation

	Case 2c
	- Small cell scenarios 2a and 2b with non-ideal backhaul between macro cell and a cluster of small cells
	- Single-uplink transmission and single-downlink reception in one subframe 


	Benefits:
- Load balancing
Main technical feature:
- UCI feedback
	Multi-stream aggregation

	Case 3
	- CA deployment scenario 1, 2, 3 and 4 

- Small cell scenarios 2a and 2b 


	- Single-uplink transmission and single-downlink reception in one subframe 


	Benefits:
- Load balancing

- Carrier selection gain
Main technical features:
- UCI feedback

- FDD serving cell and TDD serving cell switch 
	Enhanced dual-mode operation













































































