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1 Introduction
During RAN#68 meeting, LAA WI is approved [1]. The WI would only specify support for LAA SCells operating with DL transmissions. This work item will specify LTE enhancements for a single global solution framework for LAA on the 5GHz unlicensed spectrum for low power secondary cells using carrier aggregation with the considerations of different requirements in different regions, such as regulatory transmission power limits, LBT mechanism. The LAA design should allow fair coexistence between Wi-Fi and LAA and fair coexistence between different LAA operators. The work item should only specify support for LAA SCells operating with only DL transmissions. When specifying support for LAA SCells with only DL transmission, the following for the UL should be agreed (but not specified): the principles of UL channel access and the necessary forward compatibility mechanism so that the UL for LAA SCells can be added in future release without modifications to the DL design.

The detailed objectives of the work item in RAN1 are to specify support for the following functionalities:

· Channel access framework including clear channel assessment

· Discontinuous transmission with limited maximum transmission duration

· UE support for carrier selection

· UE support for RRM measurements including cell identification 

· AGC, coarse and fine time and frequency synchronization

· CSI measurement, including channel and interference 
In RAN1#81 meeting, regarding the LBT, below agreements are reached:

Agreements:
· In case of a 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
· Any instant in time can be part of a DL transmission burst or an UL transmission burst
As mentioned above, although LAA WI phase is focused on the support for LAA SCells operating with DL only transmissions, the necessary forward compatibility mechanism for LAA SCells operating with both DL and UL transmissions, e.g., frame structure, should be decided so that the UL for LAA SCells can be added in future release without modifications to the DL design. In this contribution, we focus on the frame structure for LAA operation supporting both DL and UL in unlicensed spectrum and present our views on detailed schemes.
2 Frame structure for LAA supporting both DL and UL transmission
As agreed in RAN1#81 meeting, in case of LAA operating both DL and UL transmissions over the same unlicensed carrier, DL transmission burst(s) and UL transmission burst(s) on LAA SCells can be scheduled in a TDM manner over the same unlicensed carrier. It is also agreed that any instant in time can be part of a DL transmission burst or an UL transmission burst. Based on the above agreements, we can see that TDM-based UL/DL multiplexing should be supported for LAA WI. 
As for TDM-based UL/DL multiplexing, a straightforward approach may be to reuse the seven existing TDD frame structures specified since Rel-8. The TDD frame structure and UL/DL configurations are shown in Figure 1 and Figure 2, wherein, Subframe 0 and 5 and DwPTS are always reserved for downlink transmission, while UpPTS and the subframe immediately following the special subframe are always reserved for uplink transmission. As shown in Figure 2, for each UL/DL configuration, whether one subframe is used for DL or UL is clear and dependent on the concrete subframe number. Even in TDD eIMTA, at least Subframe 0, 1, 5 and 6 are fixed subframes for DL transmission and Subframe 2 are also fixed subframe always for UL transmission. 
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Figure 1: Frame structure type 2 for 5 ms switching-point periodicity (from TS36.211).
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Figure 2: Uplink-downlink configurations (from TS36.211).

However, considering regulatory requirements due to LBT rules, especially in case that LBT category 3/4 are used for LAA DL access, the time when eNB can grab the operating channel is unknown and unpredictable. Moreover, the DL transmission can start at any subframe and finish at any subframe if necessary as long as the regulation requirements are satisfied. Since maximum channel occupancy time for LBT category 3/4 can be 13ms, if one DL burst transmission has duration of no less than 10ms, then the number of consecutive subframes used for DL transmission is no less than 10. In this case, Subframe 0 to Subframe 9 are all used for DL. Similar case for LAA UL, since the maximum Frame Period for FBE can be 10ms, if an UL burst transmission has duration of 10ms, then Subframe 0 to Subframe 9 can be seen as uplink subframes. In that sense, for the subframes in LAA SCell, if this LAA SCell supports both DL and UL transmission, each subframe is flexible subframe and can be used for either uplink or downlink. 

For current frame structure type 2, at least some subframes are used only for DL transmission and some are used only for UL transmission, even in TDD eIMTA. Hence, current frame structure type 2 is not appropriate for LAA SCells supporting both DL and UL transmission. A new frame structure (e.g. frame structure type 3) can be considered to enable each subframe within one radio frame to be either uplink or downlink subframe. 

Based on the above analysis, we have below proposal.

Proposal 1: Current Frame structure type 2 is not well suitable for LAA SCells supporting both DL and UL transmission. A new frame structure, e.g., frame structure type 3, can be considered to enable each subframe within one radio frame to be either uplink or downlink subframe.
3 Frame structure for LAA supporting DL only transmission
For LAA SCells supporting DL only transmission, there are two alternatives for LAA SCell frame structure:

Alternative 1: reuse frame structure type 1

In this alternative, existing frame structure type 1, i.e., FDD frame structure, is reused, which is shown in Figure 3. In this way, each subframe in LAA SCell can be seen as a DL subframe. If LBT category 4 is used as DL access mechanism, UEs try to blind detect each DL subframe on LAA SCells for self-scheduling mode and the corresponding DL HARQ timing can follow FDD-FDD CA timing or TDD-FDD CA timing depending on the duplex mode of PCell. 
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Figure 3: Frame structure type 1 (from TS36.211).

Alternative 2: add All-DL configuration in new frame structure type 3, if explicit UL/DL configuration is to be defined for frame structure type 3 
In this alternative, all-DL configuration is added in frame structure type 3 to cover the case of DL only transmission for LAA SCell, if explicit UL/DL configuration is to be defined for frame structure type 3
Based on the above analysis, we have below proposals.

Proposal 2: Consider to either reuse Frame structure type 1 or adopt a new frame structure type 3 for LAA SCells supporting DL only transmission.

4 Flexible UL/DL split for LAA SCells
As mentioned above, for new frame structure type 3, each subframe within one radio frame can be used for either uplink or downlink. Then a straightforward question is how UE knows one subframe on LAA SCell is used for uplink or downlink. Basically, there can be two alternatives shown in below:
Alternative 1: implicit UL/DL transmission

In this alternative, UE determines the subframe type implicitly by assuming that every subframe is a DL subframe unless explicitly signaled either via scheduling commands or by other means [5, 6]. In each subframe that is assumed to be a DL subframe, the UE determines whether the subframe contains any DL transmissions or not either by a successful decoding of a control message (PDCCH or EPDCCH) or by detecting the presence of some reference signal, e.g., the CRS. Scheduling can be fully dynamic on a subframe basis with the only potential restrictions being the need for a special subframe or a shortened DL subframe when a DL transmission burst is followed by a UL transmission burst from UEs in the same cell as the DL transmission burst. That is, the UE does not need to have any knowledge of the type of transmissions in future subframes even when a DL subframe is successfully detected or an UL transmission is made in an UL subframe that has been successfully scheduled. 
Alternative 2: explicit UL/DL transmission 

In this alternative, similar to TDD eIMTA, the adopted frame structure can be dynamically changed for UL/DL traffic adaptation and one L1 signalling is used to indicate the frame structure to UE. This alternative needs to design several new frame structures with different UL to DL resource ratios and the regulatory requirements on maximum channel occupancy time should be satisfied. With the frame structure indication by L1 signaling, UE is not necessary to blind detect the PDCCH or EPDCCH in uplink subframes so that it can have the benefit in power consumption [7]. 

Furthermore, considering FBE mechanism is more appropriate for LAA UL, a clear frame structure is needed for UE to know the Frame Period length and the starting position of each Frame w.r.t. PCell frame timing [8]. Alternative 2 can match well with FBE by means of designing several frame structures with possible Frame Period length, e.g., 2ms, 4ms, 5ms, and 10ms. In this way, UE can know the detailed starting subframe for each Frame Period and the position of Idle Period.
Generally speaking, both Alternative 1 and Alternative 2 can dynamically adjust UL and DL transmission according to UL and DL traffic variation. The difference is UL and DL subframe indication in Alternative 1 is fully dependent on the transmitted UL grant and DL grant while in Alternative 2 it is explicitly indicated by L1 signaling as TDD eIMTA. Alternative 1 is not needed to design new frame structure with different UL to DL resource ratios and corresponding L1 signaling. However, it requires the UE to blindly detect each subframe on LAA SCell if no PUSCH is scheduled to be transmitted in the subframe, which leads to larger UE power consumption. Alternative 2 has the benefit in terms of UE power consumption and can well match FBE mechanism in UL, but new UL/DL configurations are needed. As for the L1 signaling, it can reuse the design of Rel-12 TDD eIMTA. Both alternatives have Pros and Cons. 
Based on the above analysis, we have below proposals.

Proposal 3: Further consider both the implicit or explicit approach to determine the type (i.e. DL or UL) of a subframe on an LAA SCell.
5 Conclusion

In this contribution, we focus on the channel access mechanisms for DL and UL for LAA operation in unlicensed spectrum and present our views on detailed schemes. Based on our analysis, we have below proposals:
Proposal 1: Current Frame structure type 2 is not well suitable for LAA SCells supporting both DL and UL transmission. A new frame structure, e.g., frame structure type 3, can be considered to enable each subframe within one radio frame to be either uplink or downlink subframe.
Proposal 2: Consider to either reuse Frame structure type 1 or adopt a new frame structure type 3 for LAA SCells supporting DL only transmission.

Proposal 3: Further consider both the implicit or explicit approach to determine the type (i.e. DL or UL) of a subframe on an LAA SCell.
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