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1. Introduction

In Rel-10, carrier aggregation support for TDD assumes identical UL-DL configurations across all aggregated cells. The work item on carrier aggregation enhancements for Rel-11 [1]

 REF _Ref299715208 \r \h 
[2] sets an objective to investigate support of inter-band carrier aggregation for TDD DL and UL including different uplink-downlink configurations on different bands. 
In LTE, seven different UL-DL configurations are available for flexible TDD deployments with targeted mix of traffic asymmetry requirements. The UL-DL configurations may also be selected in response to coexistence requirement with adjacent carriers. Consequently, different UL-DL configurations may be adopted for an operator’s TDD cells in different bands. 

If TDD cells with different UL-DL configurations are aggregated, certain subframes will have conflicting UL-DL directions as illustrated in Figure 1. 

· TDD UEs are typically not designed to perform transmission and reception simultaneously. Hence, if this operation principle is enforced for subframes with conflicting UL-DL directions, the UE needs to be restricted to access radio resources from cells with the same direction (similar to half-duplex operations). 

· However, if a UE with proper hardware is capable of transmitting and receiving on the two different bands simultaneously, the UE can enter this full-duplex operation mode temporarily. Such type of UEs will be able to utilize the radio resources from the aggregated cells fully. 

This contribution presents a high-level discussion on potential hardware impact for supporting these alternative approaches.


[image: image1]
Figure 1 Subframes with conflicting UL-DL directions in interband TDD CA scenario.
2. Discussion on UE hardware impact

For a UE supporting CA of multiple bands that are sufficiently far apart, it should be equipped with multiple requisite frequency synthesizers (local oscillators) to cover the bands simultaneously. Typically, mild requirements on the band selection filters as illustrated in Figure 2 are needed to satisfy various LTE and/or regulatory requirements.

To enable full-duplex operations, the UE hardware should be designed to properly handle the following two issues:

· TX-leakage: sufficient suppression of the TX-frequency leakage into any of the receivers.

· RX-noise: low enough RX-frequency noise from any of the transmitters in all RX bands.

The frequency gaps between the TX and RX signals depend on the specific aggregated TDD bands. If the aggregated bands are close in frequency, filters with more stringent requirements similar to those adopted in typical FDD terminals will be needed (as illustrated in Figure 3). Such sharper filters increase implementation costs and also introduce insertion losses. To avoid these drawbacks, it is beneficial to restrict UEs to access radio resources from cells without conflicting UL-DL directions.

Observation 1 For interband TDD aggregation scenarios with small frequency separation, half-duplex operations are beneficial to UE implementation (particularly for low-cost UEs) and power consumption.
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Figure 2 Simplified typical TDD band filter attenuation requirement illustration.
In some deployment scenarios, frequency gaps may be significantly wider than typical duplex distances in FDD systems.  Referring to Figure 2, it can be observed that typical TDD band filters can almost satisfy the attenuation requirements if the bands are far apart. Consequently, the cost and insertion loss issues identified in the above may be mitigated in these cases. If these issues can be accommodated, a high-end UE capable of temporary full-duplex operations can fully utilize the radio resources from all aggregated TDD cells and provide better end-user experience. Feasibility and performance studies of such full-duplex UEs should involve RAN4. It is recommended not to remove such possibilities prematurely in RAN1 investigation.
Observation 2 For interband TDD aggregation scenarios with large frequency separation, incremental costs to support full-duplex operations may be addressable.

Observation 3 High-end UE can achieve better performance with full-duplex operations.
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Figure 3 Simplified typical filter attenuation requirement illustration for full-duplex operations.
3. Conclusions

Based on the above discussion, we observed that

· For interband TDD aggregation scenarios with small frequency separation, half-duplex operations can be beneficial to UE implementation (particularly for low-cost UEs) and power consumption.

· For interband TDD aggregation scenarios with large frequency separation, incremental costs to support full-duplex operations may be addressable.

· High-end UE capable of temporary full-duplex operations can fully utilize the radio resources from all aggregated TDD cells and provide better end-user experience.
It is hence proposed 

· To investigate an interband TDD carrier aggregation solution to support half-duplex UEs in RAN1.

· To investigate whether support of full-duplex UEs can be integrated with no incremental complexity on top of those needed for half-duplex UEs.
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