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1. Introduction

At the RAN#68 meeting, the new WI proposal on “Licensed-Assisted Access to Unlicensed Spectrum” was approved [1]. The objective of this WI includes specifying support of DL discontinuous transmission functionality with limited maximum transmission duration. In particular, a mechanism for AGC and time/frequency synchronization for discontinuous DL transmission burst reception, a support of PDSCH transmission from the middle of subframe and corresponding scheduling mechanism need to be specified. For these functionalities, there was an extensive discussion in LAA SI and following agreements were made [2][3].
Agreements:

· Functions that can be supported by one or more signals to be transmitted from the beginning of a discontinuous LAA downlink transmission can include at least one of the following

· AGC setting

· Channel reservation

· Note: Transmission of the signal(s) may not be required 

· At least functions that may need to be supported for discontinuous LAA downlink transmission operation by one or more signals include at least one of the following

· Detection of the LAA downlink transmission (including cell identification)

· Time & frequency synchronization

· Other functionalities if necessary

· Note that it is not precluded the same signal is used for all above and possibly other functions
· The above functionalities can be supported by other methods (including assistance from licensed carrier)
Agreements:

· It is a design target that the following signals or combination of the following signals can provide functionality for the UE’s time/frequency synchronization for the reception of a DL transmission burst in LAA SCell(s)

· serving cell’s DRS for RRM measurement
· Note that DRS for RRM measurement can be used at least for coarse time/frequency synchronization

· Reference signals imbedded within DL transmission bursts (e.g. CRS and/or DMRS)

· If there is an additional reference signal, this signal can be used
· Note that Reference signals can be used at least for fine time/frequency synchronization
· FFS: Other candidates (e.g., initial signal, DRS)
· FFS if other mechanism or signals (e.g., initial signal, DRS) for time/frequency synchronization is necessary to support reception of DL transmission burst
Agreements:

· At least the following options are identified as possible candidates for PDSCH transmission in a DL subframe on a LAA SCell
· Option 1: A DL transport block is only transmitted on a subset or all of the OFDM symbols in the DL subframe
· Option 2: A DL transport block is transmitted on a subset of the OFDM symbols in the DL subframe and all OFDM symbols in the next or the previous subframe
· Option 3: A DL transport block is transmitted on a subset of OFDM symbols in the DL subframe and a subset of the OFDM symbols in the next or the previous subframe within a TTI less than or equal to 1ms or in a subset or all OFDM symbols in one subframe

· Note: This does not preclude the possibility of using different options for different subframes
In this contribution, we discuss further on mechanisms for DL discontinuous transmission and scheduling design. 

2. Frame structure of DL discontinuous transmission  
2.1. Analysis on possible alternatives
As shown in Figure 2-1, three options were identified as possible candidates for PDSCH transmission in a DL fractional subframe on a LAA SCell at RAN1#81 meeting. According to the LBT result and corresponding transmission start timing, the partial and super TTI approaches have short and long TTI size in addition to normal TTI size within a DL transmission burst, respectively, while the floating TTI approach would have fixed TTI size irrespective of the transmission start timing. In terms of this TTI size, following differences would be expected between partial/super TTI approaches and floating TTI approach.
· Fixed TTI size in floating TTI approach can provide a scheduling flexibility while different TTI sizes in partial/super TTI approaches may cause some scheduling restriction and corresponding inefficiency.
· In partial/super TTI approaches, appropriate TB size for the TTI may change according to the LBT result.
· If eNB prepares a potential minimum TB size, puncturing some resources may be necessary in case that longer TTI is achieved. 

· Fixed TTI size in floating TTI approach may allow reusing legacy RE mapping and RS density to some extent so that RAN4 work may be relaxed.
· In super TTI approach, RE mapping and RS density in the TTI may be changed from those in legacy TTI. The partial TTI approach may be possible to reuse DwPTS structure or PDSCH/EPDCCH region of legacy subframe.
Therefore, we think that fixed TTI size in floating TTI approach provides some benefits compared with partial/super TTI approaches.
In addition, the floating TTI approach can minimize the transmission duration of initial signal while achieving immediate channel access after LBT and saving eNB complexity. The partial/super TTI approaches may have only a few candidate starting positions in the subframe and the initial signal may be sent until next candidate starting position after LBT. Therefore, according to LBT timing, the initial signal duration may change and hence some part of the initial signal is unnecessary for communication essentially, i.e., used just for channel reservation.
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Figure 2-1: Alternatives of fractional subframe handling
Observation 1: Fixed TTI size in floating TTI approach can provide some benefits in terms of scheduling flexibility, efficiency and possibly RAN4 impact.

By the way, in any approach, the eNB/UE complexity should be taken into account in addition to efficiency/flexibility and specification impacts as discussed in [4]. In partial/super TTI approaches, number of candidate transmitting signal patterns should be limited so as to avoid significant increase of eNB complexity. Also in floating TTI approach, the dynamic change of transmitting signal pattern according to the LBT result should be avoided as much as possible. In order to identify the PDCCH/EPDCCH resources and PDSCH starting symbol in the DL TTI without using the dynamic change of DCI contents, UE would need to blindly detect the starting position of DL TTI possibly based on initial signal (i.e., preamble) detection.
2.2. Proposed frame structure
According to our analysis described in Section 2.1, we propose the frame structure based on floating TTI approach and corresponding eNB/UE behavior for LAA DL discontinuous transmission. As shown in Figure 2-2, first eNB prepares one transmitting signal pattern just as for subframe n before or during LBT procedure. If the LBT succeeded within the subframe n and there are at least few available symbols for DL TTI within the subframe, eNB starts the transmission of prepared signal pattern together with initial signal. So, this transmission can be seen as symbol-level delayed transmission of DL TTI. eNB also prepares one transmitting signal pattern for subframe n+1 before starting the subframe n+1 irrespective of whether the transmission of DL TTI prepared for subframe n could be started or not. If the LBT could not succeed within the subframe n, prepared DL TTI for subframe n may be dropped and eNB continues performing LBT for the transmission of DL TTI for subframe n+1 as well. Once the eNB gets rights for channel access, multiple DL TTIs with almost fixed size can be sent as long as total channel occupancy time doesn’t exceed the maximum burst length. 
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Figure 2-2: An example of proposed frame structure

UE performs a blind preamble detection first to achieve time/frequency synchronization and identification of DL transmission burst sent by the serving LAA SCell. In addition, UE can identify the start timing of DL TTI based on the preamble detection. Since RE mapping and RS structure in proposed DL TTI would not be different from current DL TTI, current UE reception procedure can also be reused. It seems similar to asynchronous dual connectivity behavior since TTI on licensed PCell and TTI on LAA SCell are not time-aligned. But once the subframe dependency for DL TTI on LAA SCell is re-defined for this structure, tight interworking with licensed PCell based on current CA framework can be applied, e.g., cross-carrier scheduling and feedback on licensed PCell.
Proposal 1: Floating TTI approach is applied for LAA DL discontinuous transmission.
· DL TTI of fixed size for subframe n can be sent from any symbol in subframe n and can be end within subframe n+1.
· The subframe dependency for DL TTI transmitted between subframe n and n+1 should be re-defined.
As described above, UE assumes the presence of DL transmission burst containing PDSCH from serving LAA SCell only when UE successfully detects the preamble in the proposed behavior. Assuming that the blind preamble detection can achieve lower miss-detection probability and lower complexity than PDCCH/EPDCCH blind detection, this behavior provides a benefit on UE complexity reduction compared with other mechanism where UE performs blind PDCCH/EPDCCH detection on every subframe. In addition, this behavior can provide a forward compatibility for future DL+UL operation on LAA SCell since UE does not perform any DL reception procedure including time/frequency synchronization unless the preamble from serving LAA SCell is detected and hence UE does not impacted by potential UL transmission on the same unlicensed carrier. For this approach, appropriate preamble design which provides reliable blind detection performance with relatively low UE complexity is necessary. Furthermore, a mechanism to indicate DL transmission burst length would be necessary so that UE can correctly identify the end timing of DL transmission burst. Detailed preamble design is discussed in Section 2.3.
Proposal 2: UE should not assume DL transmission burst containing PDSCH from the serving LAA SCell unless the preamble from the serving LAA SCell is detected.
· A mechanism to indicate either DL transmission burst length or the end timing of DL transmission burst would be necessary.
2.3. Preamble design
As argued in the previous section, the appropriate preamble design for reliable blind detection performance is necessary for the proposed approach. As shown in Figure 2-2, we define that the initial signal is not the part of DL TTI and then it provides at least AGC and channel reservation functionalities. There are two possible options on the preamble mapping as below.
· Option 1: Preamble is sent as the part of initial signal

· Option 2: Preamble is sent as the part of DL TTI
In option 1, the preamble would be sent only at the beginning of each DL transmission burst while the preamble can be sent in multiple DL TTIs within one DL transmission burst in option 2. For the identification of DL transmission from serving LAA SCell, the preamble should be cell-specific in either option. For time/frequency synchronization, basically DRS for RRM and the synchronization with PCell can provide a certain level of synchronization. The residual time/frequency offsets need to be compensated by the preamble and/or RSs embedded in DL TTI. 

We currently think that one preamble symbol (may be based on SS or CRS) in either initial signal or first symbol of DL TTI can be used for blind preamble detection i.e., for the identification of DL transmission from serving LAA SCell, while RSs embedded in DL TTI such as CRS/CSI-RS/DMRS can be used for time/frequency synchronization. However, some evaluation and/or survey on previous studies may be necessary.
Observation 1: Further study on appropriate preamble design for identification of DL transmission from serving LAA SCell is necessary.
3. DL scheduling design
In this section, we discuss on applicability of PDCCH/EPDCCH and self/cross-carrier scheduling in the frame structure proposed in Section 2.
First, basically both PDCCH and EPDCCH can be supported in the proposed structure without big impact since the fixed TTI size in the proposed structure would allow reusing the existing TTI structure. 

Second, regarding self/cross-carrier scheduling, the proposed structure with self-scheduling would have no problem.  On the other hand, there is a common problem for the first TTI in partial/super/floating TTI approaches that a DL grant in licensed carrier cannot ensure a corresponding DL PDSCH transmission in scheduled unlicensed carrier. In partial/super TTI approaches, DL cross-carrier scheduling can be naturally applied for other TTIs in the DL transmission burst. In the proposed floating TTI approach, a relationship between DL grant and DL TTI containing corresponding PDSCH may need to be clarified since the DL TTI on LAA SCell would not be aligned with the subframe where DL grant is sent. For the first TTI, new UE behavior on cross-carrier scheduling would be necessary, e.g., UE receives PDSCH on DL floating TTI between subframe n and n+1 on LAA SCell when DL grant in subframe n indicates PDSCH assignment on LAA SCell and UE successfully detects the preamble from LAA SCell in subframe n.
Observation 2: Floating TTI approach with preamble-based DL TTI detection can support PDCCH/EPDCCH and self/cross-carrier scheduling.
4. Conclusion 

In this contribution, we have discussed on mechanisms for DL discontinuous transmission and scheduling design. We made the following proposals and observations. 

Proposal 1: Floating TTI approach is applied for LAA DL discontinuous transmission.
· DL TTI of fixed size for subframe n can be sent from any symbol in subframe n and can be end within subframe n+1.

· The subframe dependency for DL TTI transmitted between subframe n and n+1 should be re-defined.
Proposal 2: UE should not assume DL transmission burst containing PDSCH from the serving LAA SCell unless the preamble from the serving LAA SCell is detected.
· A mechanism to indicate either DL transmission burst length or the end timing of DL transmission burst would be necessary.
Observation 1: Further study on appropriate preamble design for identification of DL transmission from serving LAA SCell is necessary.
Observation 2: Floating TTI approach with preamble-based DL TTI detection can support PDCCH/EPDCCH and self/cross-carrier scheduling.
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