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1. Introduction

In RAN1 LAA ad hoc meeting, discontinuous transmission was discussed. Due to the channel access scheme, e.g. LBT, it will be beneficial to enable LAA to transmit even when not all symbols are available in the subframe. The agreements are as follows [1]. 
Agreements:
· LAA supports transmitting PDSCH when not all OFDM symbols are available for transmission in a subframe according to LBT, also support delivering necessary control information for the PDSCH
· FFS starting/ending OFDM symbols of the PDSCH
In RAN1#80bis meeting, the discontinuous transmission was further discussed. According to the WF R1-152222 [2], it may be necessary to limit starting positions of DL data burst to a few OFDM symbol positions considering the tradeoff between complexity and performance. Meanwhile, the ending positions of the data burst can also be flexible in order to fully utilize the channel resource.
In RAN1#82bis, it is further agreed that [3]

Agreements:
· DL transport block in the last subframe of a DL Tx burst can be transmitted using DwPTS structure, or a full subframe

· FFS how to signal the structure of the last subframe

· FFS whether to define a 13-symbol partial subframe

· FFS whether DwPTS structure with 3 OFDM symbols can be used for the last subframe

· FFS down selection

In this contribution, we study the details of deploying discontinuous transmission in LAA with LBT. The starting and ending OFDM symbols for the transmission will be discussed.
2. Discontinuous transmission

1.1. Starting of the transmission
In LAA, since the availability of the channel on the unlicensed band is not predictable, UE needs to monitor the channel in order to use the channel whenever it is available. To reduce the channel monitoring time of UE and save the battery life, one possible solution is to predefine several potential transmission positions. The control or data information can only be sent at these positions and the UE only needs to detect at these positions. The gap between the channel available symbol and next transmission position can be filled with initial signals.

The number of potential data/control transmission positions should be carefully studied. It will impact both the complexity and efficiency of the information receiving and transmission in LAA. If the number of potential data/control transmission position is large, the UE needs to monitor at more positions. A special case is that all 14 symbols are potential transmission positions. The UE needs to detect at each symbol, which increases the complexity. However, if the UE is only allowed to transmit at the beginning of the subframe, the resource cannot be efficiently used. Therefore, taking into account the efficiency and the complexity, we suggest defining two potential transmitting positions for data/control information. The first alternative is to define two potential positions located at first symbol of the two slots, i.e. symbol #0 and symbol #6. The resource may be efficiently used, but we may then need to define new PDCCH or ePDCCH positions for symbol #6. The second alternative is to define two potential positions located at symbol #0 and symbol #3. Then we can use current PDCCH and ePDCCH for control information transmission. However, if the channel is idle after symbol #3, the rest of the symbols cannot be used for data/control information transmission, which greatly reduces the efficiency. Considering the TXOP limitations, especially in Japan, we prefer the first alternative.
Proposal 1: Define two potential transmission positions at symbol #0 and symbol #6.
1.2. Ending of the transmission

It is agreed that DL transport block in the last subframe of a DL Tx burst can be transmitted using DwPTS structure, or a full subframe. For partial subframe using DwPTS, several issues need to be further studied. In this section, we elaborate on these issues. For the structure of the last subframe, the indication can be conveyed in the DCI signaling. The UE then knows where the end of the transmission is. For the existing DwPTS structure, 3-symbol partial subframe is too short for information transmission including both control and data. Therefore, it should not be supported. For the rest of the DwPTS structures, they can all be used for the partial subframe transmission. In addition, a 13-symbol partial subframe can also be supported since the last symbol can be used for CCA detection. When the 13-symbol partial subframe is introduced, we need to further investigate the scaling factor for the transport block size. 
Proposal 2: Using DCI signaling to convey the indication of the last subframe.
Proposal 3: 3-symbol DwPTS is not supported. 13-symbol partial subframe is supported.
1.3. Scheduling information
The eNB needs to choose the suitable TB size, modulation/coding scheme, frequency resources and other information to schedule a specific UE, which consumes processing time. In legacy releases, the scheduling information carried on PDCCH/ePDCCH is always at the beginning of a subframe and the scheduling granularity is subframe-level, so the eNB can prepare the scheduling information in advance. However, for LAA transmission scheme as indicated in section 2.1, the eNB cannot predict the number of available OFDM symbols in the first available subframe before the transmission starts. However, due to the limited potential transmission positions, we are able to prepare all the possible scheduling information in advance, and choose the matched one when scheduling. For two potential transmission positions, we only need to prepare one more set of scheduling information with respect to the additional transmission position compared with legacy case.
Proposal 4: Support buffer of possible scheduling information in advance for fractional subframe transmission.
3. Conclusion

In this contribution, we discussed the details of deploying discontinuous transmission in LAA. From the discussion we propose that: 

Proposal 1: Define two potential transmission positions at symbol #0 and symbol #6.
Proposal 2: Using DCI signaling to convey the indication of the last subframe.
Proposal 3: 3-symbol DwPTS is not supported. 13-symbol partial subframe is supported.
Proposal 4: Support buffer of possible scheduling information in advance for fractional subframe transmission.
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