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Introduction
In this contribution we present our views and provide recommendations for LAA DL+UL operation.

Discussion
In our view, while the LTE LAA DL should operate according to requirements for Load-Based-Equipment (LBE) and use LBT/CCA, the LAA UL design should rather follow the principles of Frame-Based-Equipment (FBE).
All LAA UEs that were scheduled by the eNB to transmit in the UL will perform CCA prior to the known UL transmission interval using a TDD special subframe. CCA will be done more or less synchronously by all scheduled UEs during the same 48 us silence interval. Subject to eNB scheduling, not all LAA UEs may use all of the available UL subframes for their own UL transmissions.
When considering the question of using the existing TDD frame configurations versus the introduction of a new adaptive DL-UL frame structure for LAA, we think that there are good reasons to support both approaches.
The re-use of existing TDD frame structures for the LAA SCell (Figure 1) represents the advantage that existing R12 specifications provide nominal support for R13 LAA in terms of the existing TDD-FDD and TDD-TDD carrier aggregation features. Existing R12 based design, while not necessarily complete and with some known deficiencies can readily be used to support introduction of LAA into R13.
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Figure 1: Example of LTE LAA operation re-using the existing TDD configuration #3
When re-using the existing R12 specifications for the purpose of R13 LAA, in particular the use of DL cross-carrier scheduling from the PCell would require further specification work. Similarly, supporting UL control information on the LAA SCell rather than the PCell UL would require further specification work.
In our view, the biggest drawback when relying exclusively on the existing LTE TDD frame configurations for LAA is the inability of these to efficiently make use of the LAA SCell radio resources in some cases.
None of the existing TDD frame structures would be suitable to use 4 ms UL TXOPs such as required in Japan for regulatory reasons, but also necessary as part of fair coexistence with many Wi-Fi deployments using WMM. Conversely, LAA networks may well want to exploit large UL TXOPs of up to 10 ms. Consecutive transmission time for large data transmissions usually allows for much larger spectral efficiency during live system operation. Existing TDD frame configurations are mostly DL heavy with a limited number of consecutive UL subframes. Necessarily, overhead is incurred prior to any UL transmission due to CCA for any short UL transmission time interval and due to DL-UL switching. Also, although eIMTA provides some flexibility to dynamically re-assign UL subframes for DL, such adaptation is not available for all subframes, given that certain DL subframes belong to a fixed DL only subframe set.
LAA SCells can operate significantly better when using a new adaptive frame structure (Figure 2) to arbitrate between flexible DL and UL transmissions periods.
We think that the use of such a new adaptive frame structure for LAA should not be seen purely from the perspective of LAA operation. Reducing unnecessary overhead for switching time and CCA intervals to maximize available TXOPs in terms of consecutive subframes indirectly also benefits Wi-Fi neighbor BSS by reducing channel occupation time to transmit data in the LAA SCell(s).
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Figure 2: Example of LTE LAA operation using the new adaptive frame structure

A single DL-UL switching interval using a TDD special subframe configuration is employed to transition from the DL transmission interval to the UL transmission interval. The DL transmission interval uses N DL subframes which constitute a DL TXOP. Similarly, M UL subframes define an UL TXOP. The number of DL subframes N and UL subframes M are configured by the eNB and can be adjusted through RRC signaling. Similar to R12 eIMTA, dynamic (e)PDCCH based signaling can be used to dynamically re-allocate upcoming UL or DL transmission intervals due to short-term scheduling considerations.
Knowledge of the beginning of the DL transmission interval can be used by the UE to reduce DL monitoring activity and detection of the initial signal indicating successful DL channel access by the eNB. Any PUSCH transmission in any UL subframe part of the UL transmission interval requires a preceding UL grant obtained from the eNB. This implies that only scheduled UEs will attempt CCA prior to the start of the first UL subframe of the UL transmission interval.
Parameterization and use of the DL and UL TXOPs in use in the LAA SCell does not need to correspond one entire radio frame. On the contrary, typical configurations for DL TXOPs using multiple 4 ms intervals in conjunction with 2 DL: 1 UL traffic ratios would rather result in configuration periods repeating over 12 LTE subframes.

Conclusion
In this contribution we present our views and provide recommendations for LAA DL+UL operation. In particular, we discuss the question if existing TDD frame configurations are sufficient and if new adaptive DL-UL frame structure for LAA should be introduced. In summary, we think that R13 LAA should support both approaches.
LAA operation re-using the existing R12 TDD-FDD and TDD-TDD carrier aggregation features should be supported. In addition, LAA should support a new adaptive frame structure that uses an eNB configured DL TXOP of up to N consecutive DL subframes followed by UL TXOPs of up to M consecutive subframes. Tx-Rx switching uses a TDD DL special subframe configuration. Dynamic (e)PDCCH based signaling can be used by the eNB to dynamically re-assign TXOPs for DL/UL similar to the principle of R12 eIMTA.
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