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1. Introduction

At the RAN1#80bis meeting, start and end positions of DL discontinuous transmission and the corresponding scheduling alternatives were extensively discussed. Although several options were discussed, there was no conclusion. In addition, general scheduling modes for LAA CCs were also discussed and following observations and agreements related to DL/UL scheduling design were made [1].
Observations:

•
Following possible scheduling combinations for a LAA CC are identified:

–
Combination 1: DL/UL: self-scheduling

–
Combination 2: DL: self-scheduling; UL: cross-carrier scheduling

–
Combination 3: DL: cross-carrier scheduling; UL: self-scheduling

–
Combination 4: DL/UL: cross-carrier scheduling from a same scheduling CC

•
Continue study until RAN1 #81 meeting considering above combinations except for combination 3

–
FFS: Combine multiple combinations

Agreement:

•
Combination 3 in above observations is not a design target of LAA
In this contribution, we discuss on discontinuous transmission and scheduling design for LAA DL transmission. 

2. Frame structure of discontinuous transmission  
2.1. Analysis on possible alternatives
According to European regulatory requirement, both FBE-based and LBE-based LBT mechanisms have been discussed in the LAA SI. As argued in our companion contribution [2], we think that LBT category 4, i.e., LBE-based LBT mechanism should be considered as a baseline design of the LBT mechanism for LAA DL to ensure fair coexistence with Wi-Fi in any scenario. For LBE-based LBT, the starting and the ending positions of the DL transmission burst could be in the middle of the subframe. How to handle the first and last subframe of the DL transmission burst should be carefully considered. Figure 2-1 shows four alternatives of first and last subframe handling. 

Alt.1 Self-scheduling for partial TTI  

For self-scheduling for partial TTI, the partial subframe contains the both data and corresponding control information. OFDM symbols carrying (E)PDCCH of the first subframe would change according to the start position of DL transmission burst based on LBT result. In this structure, UEs needs to blindly decode all the possible candidate locations of (E)PDCCH. The start position of the partial subframe is implicitly indicated.     
Alt.2 Backward scheduling for partial TTI  

For backward scheduling for partial TTI, the control information for the partial TTI in the first subframe of the DL transmission burst is located in the (E)PDCCH of the later subframe. The OFDM symbol carrying (E)PDCCH is the same as legacy system. Thus there is no increment on UE blind decoding complexity, while the new mechanism for backward scheduling needs to be introduced in the DCI design, e.g., the start position of the partial TTI in the first subframe needs to be explicitly indicated to the UE. In addition, due to the backward scheduling mechanism, the buffer size in UE should be increased to storage received information of two continuous subframes.
Alt.3 Floating TTI  

For floating TTI, eNB transmits the cyclic shift of normal subframe contents including data and corresponding control information from the start position of DL transmission burst based on LBT result [3]. The boundary of the floating TTI is not aligned with that of the PCell subframe. In this approach, eNB can prepare only one RE mapping pattern, but DCI contents on PDCCH would need to be changed to indicate the starting position of the floating TTI. Otherwise, eNB needs to prepare multiple candidate signals with corresponding DCI contents. New UE decoding procedure of PDSCH need to be defined as UE need to jointly decode two PDSCH regions in the continuous subframes. 
Alt.4 Supper TTI  

The partial TTI in the first or last subframe and the adjacent normal TTI could be combined as a supper TTI in this option. The control information of the supper TTI is carried by the (E)PDCCH of normal subframe. There are multiple approaches for the DL assignment to support TTI, e.g. two or multiple RB allocation field in corresponding DCI. This approach may be able to reduce the control channel overhead while this approach may cause the problem in HARQ procedure due to the big TB size. The big TB may not be carried by normal TTI.
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Figure 2-1: Alternatives of first and last subframe handling
Table 2-1 shows preliminary comparison of the alternatives mentioned above. In the table, potential drawbacks are marked for each alternative.
Table 2-1: Comparison of alternatives
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2.2. Discussion
In the previous sub-section, we analyse the alternatives of frame structure when LAA DL transmission burst starts in the middle of a subframe. The number of candidates of the starting position in the first subframe has big impact on both eNB and UE complexity. Supporting many starting positions reduces the overhead due to channel reservation and improves the resource utilization efficiency especially in case of short DL transmission burst such as 4 ms or shorter. However, it causes the higher complexity at both eNB side and UE side and larger overhead to indicate the starting position explicitly.
The short DL transmission burst should be considered at least for some regional regulatory requirement, e.g., in Japan. In addition, shorter transmission duration on unlicensed carrier can give more resources to coexisting systems, and hence the better coexistence performance can be provided if the transmission efficiency is not significantly degraded in the shorter transmission burst.
Therefore, multiple starting and ending positions in the first and last subframe for DL transmission burst should be supported, while the smart mechanism is necessary to reduce the complexity at both eNB and UE sides. 

Proposal 1: For LBE-based DL transmission burst, supporting multiple starting/ending positions are preferable.  eNB and UE complexity need to be considered to determine the number of candidates for the starting/ending position. 
3. Scheduling design  

For each alternative discussed in the previous section, the applicability of PDCCH/EPDCCH and self-carrier/cross-carrier scheduling is discussed in this section.
Figure 2-1 assumes mainly the self-carrier scheduling. Especially for Alt. 1, cross-carrier scheduling has a significant difficulty since eNB could not know the start timing of DL transmission burst in the first subframe when eNB prepares (E)PDCCH to be transmitted in the first subframe on another carrier. For Alt. 2 and 4, a certain time may be available to prepare (E)PDCCH to be sent on another carrier after the DL burst transmission starts on the scheduled carrier. Utilizing EPDCCH for Alt. 2 increases the decoding delay compared with the case of PDCCH.
For Alt.3, the control channel can be PDCCH of self-carrier or another carrier basically as the timing of PDCCH on either unlicensed carrier or another carrier is aligned. Utilizing EPDCCH on self-carrier for floating TTI would be quite difficult since the EPDCCH symbols may be divided into two separate parts. EPDCCH on another carrier for Alt. 3 would also have a problem on decoding delay and UE buffer increase.
To recap, for the handling of first and last subframes of DL transmission burst, the self-carrier scheduling seems preferable rather than the cross-carrier scheduling while both self-carrier and cross-carrier scheduling would have no problem for the normal subframes in the middle of DL transmission burst. Regarding PDCCH or EPDCCH, the preference would be dependent on which alternative is chosen.
4. Conclusion 

In this contribution, we have discussed frame structure of discontinuous transmission, especially regarding the starting and ending positions for DL transmission burst and corresponding scheduling mechanisms. We made the following proposal. 

Proposal 1: For LBE-based DL transmission burst, supporting multiple starting/ending positions are preferable.  eNB and UE complexity need to be considered to determine the number of candidates for the starting/ending position. 
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