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1. Introduction
In RAN#56 meeting, a new WID “LTE TDD – FDD Joint Operation” has been approved [1]. 
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. According to WID schedule, TDD-FDD Joint Operation scenarios should be discussed initially: 
· Identify deployment scenarios of joint operation on FDD and TDD spectrum, and network/UE requirement to support joint FDD/TDD operation.

Generic support for the existing LTE CA deployment scenarios 1, 2, 3 and 4 defined in TS36.300 of Rel-11 should be a starting for identification of possible deployment scenarios and network/UE requirements. This contribution identifies possible deployment scenarios of joint operation on FDD and TDD, and related network/UE requirements to support them.  
2. Deployment scenarios of joint FDD/TDD operations 
In the following CA deployment scenarios, an assumption is F2 > F1. In our exploration, FDD and TDD should be considered alternatively as F1 and F2 to construct possible joint FDD/TDD operations for network/UE requirement definition.  

Scenario #1

	Description
	Example

	F1 and F2 cells are co-located and overlaid, providing nearly the same coverage. Both layers provide sufficient coverage and mobility can be supported on both layers. Likely scenario is when F1 and F2 are of the same band, e.g., 2 GHz, 800 MHz, etc. It is expected that aggregation is possible between overlaid F1 and F2 cells.
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· (F1, F2) = (FDD, TDD), where F1 < F2
This deployment scenario is expected that aggregation is possible between overlaid F1 (i.e. FDD) and F2 (TDD) since two layers could provide sufficient coverage and mobility support on both layers. Carrier aggregation is at least one and an important application for this deployment scenario of joint FDD/TDD operation. Accordingly, this deployment scenario should be supported as: 
· Intra-band joint FDD/TDD deployment scenario where TDD frequency is higher than FDD frequency in the same frequency band 
· (F1, F2) = (TDD, FDD), where F1 < F2
Similar to the previous sub-scenario, this deployment scenario should be supported as:

· Intra-band joint FDD/TDD deployment scenario where FDD frequency is higher than TDD frequency in the same frequency band
Network and UE should fully support Scenario #1 in joint FDD/TDD operation. In case joint operation is carrier aggregation, network and UE should support either TDD or FDD as PCell as it is on either F1 or F2. 
Scenario #2
	Description
	Example

	F1 and F2 cells are co-located and overlaid, but F2 has smaller coverage due to larger path loss. Only F1 provides sufficient coverage and F2 is used to improve throughput. Mobility is performed based on F1 coverage. Likely scenario when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc. It is expected that aggregation is possible between overlaid F1 and F2 cells.
	
[image: image2.emf]


· (F1, F2) = (FDD, TDD), where F1 < F2
This deployment scenario is expected that aggregation is possible between overlaid F1 (i.e. FDD) and F2 (TDD) since F1 layer could provide sufficient coverage and mobility support and F2 is aggregated to improve throughput. Carrier aggregation is at least one and an important application for this deployment scenario of joint FDD/TDD operation. Accordingly, this deployment scenario should be supported as: 
· Inter-band joint FDD/TDD deployment scenario where TDD frequency is higher than FDD frequency in the same frequency band 

· (F1, F2) = (TDD, FDD), where F1 < F2
Similar to the previous, this deployment scenario should be supported as:

· Inter-band joint FDD/TDD deployment scenario where FDD frequency is higher than TDD frequency in the same frequency band

Network and UE should support Scenario #2 in joint FDD/TDD operation. 
In case joint operation is carrier aggregation, it should be prioritized for network and UE to support either TDD or FDD as PCell while it is deployed at F1 layer providing sufficient coverage and mobility support.  F2 should be used as SCell. 
Scenario #3
	Description
	Example

	F1 and F2 cells are co-located but F2 antennas are directed to the cell boundaries of F1 so that cell edge throughput is increased. F1 provides sufficient coverage but F2 potentially has holes, e.g., due to larger path loss. Mobility is based on F1 coverage. Likely scenario is when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc. It is expected that F1 and F2 cells of the same eNB can be aggregated where coverage overlaps.
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Scenario #3 is similar to Scenario #2. Network and UE should support Scenario #3 in joint FDD/TDD operation. 
In case joint operation is carrier aggregation, it should be prioritized for network and UE to support either TDD or FDD as PCell while it is deployed at F1 layer providing sufficient coverage and mobility support.  F2 should be used as SCell. 
Scenario #4
	Description
	Example

	F1 provides macro coverage and on F2 Remote Radio Heads (RRHs) are used to improve throughput at hot spots. Mobility is performed based on F1 coverage. Likely scenario is when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc. It is expected that F2 RRHs cells can be aggregated with the underlying F1 macro cells.
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Scenario #4 is partly similar to Scenario #2 and #3. Network and UE should support Scenario #4 in joint FDD/TDD operation. 
In case joint operation is carrier aggregation, it should be the only configuration for network and UE to support either TDD or FDD as PCell while it is deployed at F1 layer providing sufficient coverage and mobility support.  F2 should be used as SCell. 
3. Conclusions

This contribution identifies possible deployment scenarios of joint operation on FDD and TDD, and related network/UE requirements to support them.
Network and UE should fully support Scenario #1 in joint FDD/TDD operation. In case joint operation is carrier aggregation, network and UE should support either TDD or FDD as PCell as it is on either F1 or F2. 
Network and UE should support Scenario #2 in joint FDD/TDD operation. In case joint operation is carrier aggregation, it should be prioritized for network and UE to support either TDD or FDD as PCell while it is deployed at F1 layer providing sufficient coverage and mobility support.  F2 should be used as SCell. 
Network and UE should support Scenario #3 in joint FDD/TDD operation. In case joint operation is carrier aggregation, it should be prioritized for network and UE to support either TDD or FDD as PCell while it is deployed at F1 layer providing sufficient coverage and mobility support.  F2 should be used as SCell. 
Network and UE should support Scenario #4 in joint FDD/TDD operation. In case joint operation is carrier aggregation, it should be the only configuration for network and UE to support either TDD or FDD as PCell while it is deployed at F1 layer providing sufficient coverage and mobility support.  F2 should be used as SCell. 
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