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1. Introduction

In LTE, a radio frame consists of 10 consecutive subframes. For FDD system, there will be 10 DL subframes and 10 UL subframes in different frequency bands. For TDD system, 7 different types of uplink-downlink configurations are defined in 36.211 targeting for different traffic loads. Each type of the configurations comprises DL, UL and special subframe(s). However, these frame structures cannot be used in unlicensed band due to the regulations in different regions. For example, due to the LBT, the transmission may start at any time, but not the frame boundary. Furthermore, the TXOP limits the maximum allowed transmission time. 10 ms frame structure may not be feasible for the cases where TXOP is less than 10ms.
In LAA, when both DL and UL transmission are supported, the frame structure needs to be determined to enable the transmissions.  In this contribution, we discuss the possible frame structure for LAA.
2. Frame structure
It has been stated in [1] that in case of an eNB operating DL+UL LAA over the same unlicensed carrier, DL transmission burst(s) and UL transmission burst(s) on LAA can be scheduled in a TDM manner over the same unlicensed carrier. Therefore, the frame structure in unlicensed band should be a TDD type.
1.1. LBT for UL transmission
The transmission in unlicensed band should comply with the regulations, e.g., LBT should be made before each transmission. In March, IEEE 802.11ax TG approved to add the following SFD [2]:

The spec shall define the following mode of operation: 
An UL MU PPDU (MU-MIMO or OFDMA) is sent as an immediate response (IFS TBD) to a Trigger frame (format TBD) sent by the AP.
In LTE, the transmission of UL is controlled by the eNB. Therefore, eNB performing LBT for UE might be a candidate solution for UL transmission. eNB first makes CCA, and transmits DL data when channel is detected as idle. Then after a very short period, i.e. almost “immediately”, the UE performs UL transmission.
In LTE, the guard period between the DL and UL transmission is determined based on the transient period of UE and the coverage of the cell. As indicated in [3], the transient period of UE is 20 us. The coverage of the small cell is around 10m, the round trip time for this is less than 1 us. Therefore, the total guard period is less than the DIFS, which is short enough for an immediate UL transmission.
Proposal 1: eNB performs LBT for UE.
1.2. Frame structure for DL+UL transmission
As we discussed above, we propose a frame structure in TDM manner with very short guard period between the DL and UL transmissions as shown in Figure 1.
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Figure1. Frame structure for LAA

In this frame structure, the DL transmission is performed when the channel is detected as idle. The downlink transmission can be started with data only or data and control information. The control information can be carried on either PDCCH or ePDCCH. After a short guard period, the UL transmission can be performed. The UL transmission can either start from the symbol boundary or subframe boundary. Furthermore, since the guard period is much less than a symbol, in order to avoid the fractional symbol transmission in later subframes, we adjust the length of the reservation signal to reserve a guard period for DL/UL transition. As shown in Figure 1, the subframe containing the initial DL transmission is less than 1 ms. The subframe containing the DL/UL transition period is longer than 1 ms. In the case that UL transmission starts from the subframe boundary, guard period is simply a gap between normal DL subframe and UL subframe.
For the transmission in unlicensed band, the UL grant can be sent either from PCell or SCell depending on the number of DL and UL subframes on unlicensed carrier and the processing time required for UL grant reception and UL scheduling preparation, etc.. In current LTE system, when the UL grant is received at subframe n, the PUSCH is sent at subframe n+k, where k ≥ 4. In Japan, the maximum burst length on unlicensed carrier is less than 4 ms. Therefore, in order to obtain the necessary UL grant for the UL transmission, the UL grant should be sent from PCell in advance. On the other hand, it is possible to improve the processing time of UE, and hence reduce the value of k, the UL grant can then be sent from SCell.
Proposal 2: The frame structure for DL+UL transmission is in TDM manner with a short guard period between the DL transmission and the UL transmission.
3. Conclusion

In this contribution, we discussed the details of the LAA frame structure in licensed band. From the discussion we propose that: 

Proposal 1: eNB performs LBT for UE.
Proposal 2: The frame structure for DL+UL transmission is in TDM manner with a short guard period between the DL transmission and the UL transmission.
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