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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 and specify solutions to enhance LTE TDD-FDD joint operation [1]. Depending on the outcome of the initial scenario evaluation, potential solutions such as carrier aggregation, multi-stream aggregation, and other enhanced dual-mode solutions need to be discussed and evalated. In this proposal, we will present the application scenario of fast switch& return and provide three mechnisms that help to achieve goal of fast switch& return.
2. Potential solutions for fast switch and return

2.1. Use case of fast switch and return 
To satisfy the diverse and explosive mobile traffic, the networks are deployed to be more and more heterogeneous, which means that the maximum transmit power, the carrier frequency, the deployment location and density can all be different. 
Considering the various categories and configurations of nodes in the forthcoming networks, it is highly possible that multiple nodes provide services with different QoS. For example, the macro eNB might be deployed with high transmit power, low carrier frequency, e.g., 800MHz, and deployed regularly with well planned topology and good inter-eNB backhauls. In this case, the macro eNB can provide services with low delay and good coverage, which fulfill the requirements of voice services. Contrarily, a lot of small cell nodes may be of low transmit power, work at high carrier frequency, e.g, 2.6GHz or even higher, and be deployed irregularly with large-latency and small-capacity backhauls. Therefore the small cells can be aimed at handling the delay-tolerant data traffics. 
In addition, in traditional homogenous network, the eNBs of the same operator are mostly supplied by the same vendor, which means that the interfaces among eNBs should be open in order to enable cooperation with each other. In a multi-layered heterogeneous networks, the nodes with different capability and configurations of the same operator might be supplied by different vendors, which indicates that the interfaces of inter-vendor nodes may hardly be open and coordinated. Consequently, the backhauls among these inter-vendor nodes may be of extremely large latency, e.g., routing the signaling from a node connected by PON to another node attached to PTN.
And if the backhauls among these inter-layer nodes are of extremely large latency, and UEs do not support uplink and downlink CA, fast switch and return mechanisms are required to ensure the quality of user experience with seamless switching among different services. Meanwhile, from migration perspective, macro cell and small cell might maintain from different vendors, which seems to be a challenge from interoperability perspective.
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Figure 1. Fast service switch from cell 1 to cell 2

In these kinds of deployments and configurations, fast switch and return mechanisms are required to ensure the quality of user experience with seamless switching among different services. To clearly illustrate how the fast switch and return mechanism is required in the practical networks, an example is shown in the following Example 1.

Example 1: When a UE is downloading some music from a small cell node which does not support high-QoS and low-latency services, and an urgent voice call is coming in, the UE would need to interrupt the downlink connection from the small cell node and switch to a macro eNB for voice service. When the voice call is over, the fast return to the downloading service is required for seamless user experience.
2.2. Potential Solutions
In the following, three potential solutions are provided for further discussion to enable fast switch and return in TDD and FDD joint operation networks. To clearly show how these solutions work, we will take the application in Example 1 as an example to describe. Other applications can be extended straightforwardly.
Solution 1: Service-triggered Handover
When a voice call is coming in for a UE that has been connected to a small cell node, and the small cell node cannot afford the high-QoS voice services, a nature solution for service switching is to let the small cell handover the voice services to a nearby Macro eNB. The handover procedure is the same as that in the current standards, except for that a new handover trigger needs to be defined. When the voice services are finished, the return to the original services can only be achieved by cell re-selection.
It is obvious that this solution has little standard aspects and support UE with only single-TX and single-RX. However, considering the multiple handshaking singalling for handover and non-ideal backhaul, the delay of switch and return are quite large.
Solution 2: New RRC Enabled Switch and Return

When a voice call is coming in for a UE that has been connected to a small cell node, another way to switch to a nearby macro BS is to let the UE establish a new connection with another Macro eNB, rather than the handover in Solution 1. Specifically, the VoIP traffic can be send to a Macro eNB, which can be optimized by the EPC, and then let the Macro eNB sends the paging information. If the UE received the paging information and want to switch to the Macro eNB, it can release the RRC connection with the small cell node and setup RRC connection with the Macro eNB.
This solution requires the UE to be able to receive downlink information from two duplexing mode eNBs, i.e., the downlink data traffic from small cell node and the paging information from macro eNB. Since all voice traffics can be handled by macro eNBs, the small cells does not need to support VoIP feature. The delay of this solution depends on the RRC establishing time of the network.
Solution 3: Dual connectivity 
The dual connectivity considered in small cell enhancement [2] allows a given UE consumes radio resources provided by at least two different network points connected with non-ideal backhaul. If the inter-node radio resource aggregation designed for providing dual connectivity is supported by both network and UE, the fast switching and return among different nodes can be achieved straightforwardly.
Nonetheless, if the Option 2 or Option 3 of User plane architecture for dual connectivity considered in [2] is applied, the UE bearers needs to be rounted from Macro eNB to small cell eNB, which put stringent  requirement, i.e., capacity, latency, etc, on the backhaul between the two eNBs. Moreover, the UE needs to support downlink CA capability, e.g., be able to receiving downlink data streams from multiple eNBs simultaneously. The UCI also needs to be enhanced for this solution. 
In Table 1, the pros and cons of the three solutions are compared.
Table 1. Pros & Cons Comparison of the Three Solutions
	
	Pros
	Cons

	Solution 1
	· Little standards aspects;

· Support UL&DL Non-CA;
	· Delay depends on handover latency;
· Small cell needs to have VoIP feature;

	Solution 2
	· Do not needs to have VoIP feature;
	· Delay depends on RRC-establishing time;

· UE needs DL CA capability;

	Solution 3
	· Faster than Solution 1&2;


	· Interfaces and stringent backhauls (can be non-ideal) among eNBs are required;

· UE needs DL CA capability;

· UCI needs to be enhancement; 


3. Conclusion
In this contribution, the possible use cases of fast switch and return in TDD and FDD joint operation are presented, and three potential solutions are proposed and compared.  The following proposals are summarized:
1) Proposal 1: For TDD-FDD joint operation, fast switch and return mechanisms are required to ensure the quality of user experience with seamless switching among different services.
2) Proposal 2: the following three solutions can be considered for achieving fast switch and return:

a) Solution1: Service-triggered Handover: 
When a voice call is coming in for a UE that has been connected to a small cell node, and the small cell node cannot afford the high-QoS voice services, let the small cell handover the voice services to a nearby Macro eNB.
b) Solution2: New RRC Enabled Switch and Return:
When a voice call is coming in for a UE that has been connected to a small cell node, let the UE establish a new connection with another Macro eNB.
c) Solution3: Dual connectivity:
Applying the inter-node radio resource aggregation designed for providing dual connectivity in [2].
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