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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 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 order to compete with other RATs, LAA should perform LBT according to the regulation in a smaller time scale, i.e., make CCA for at least 20 μs. However, one OFDM symbol is about 70 μs , which is much longer than 20 μs . The LAA needs to occupy the channel immediately whenever the channel is detected as idle, otherwise, the channel may be occupied by other RATs on the unlicensed band, such as WiFi. Therefore, some initial signals, e.g., preamble, should be sent to grab the channel at least till the next OFDM symbol or next potential transmission position. Then the transmission of control information and data may be started. 
Proposal 1: The transmission of the initial signal can be started immediately after the channel is detected as idle.

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 as shown in Fig. 1.

The number of potential data/control transmission positions should be carefully studied. It will impact both the complexity and efficiency of the 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. If the number of potential data/control transmission positions is small, there may need more initial signals to fill in the gap between the channel available time and the next transmission position. The resource may not be efficiently used. Therefore, the number of transmission positions should consider both effects.
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Fig. 1 Discontinuous transmission
In the first available fractional subframe, both control and data information can be transmitted. The control information can be either PDCCH or ePDCCH. However, when there are only very few OFDM symbols available when the channel is detected as idle, it is not feasible to transmit both control and data information. Therefore we can combine the remaining symbols in current subframe and the next subframe as a super subframe. The control information will be transmitted first, and the data will be transmitted in the rest of the symbols. An example is shown Fig. 2, only two symbols are available when channel is detected as idle. We combine these two symbols and the next subframe as a super subframe. Transmit the control information in the remaining two symbols and the first symbol in the next subframe, and then transmit data in the remaining 13 symbols of the next subframe.
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Fig. 2 Super subframe at the beginning of the transmission

Proposal 2: The transmission of the data and/or control information can be started only at the predefined positions.
1.2. Ending of the transmission
The data transmission can be restricted to the end of each subframe or some predefined transmission positions. However, this may cause a waste of the maximum channel occupancy time since it may not always end at a subframe boundary or the predefined positions. In order to make full usage of the channel, another option is to allow the transmission to be ended at any symbol in the last subframe. The end of the transmission can be either explicitly indicated by eNB, or implicitly calculated by UE. Since the maximum channel occupancy time can be configured by higher layer signaling, or signaled to UE via physical layer signaling, it will be a known parameter for both the eNB and the UE, the index of the last symbol for data transmission can then be estimated based on the maximum channel occupancy time. On the other hand, if the actual channel occupancy time is less than the maximum allowed value, it can also be signaled to the UE, and UE then estimate the ending position of the transmission.
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Fig. 3 Super subframe at the ending of the transmission
Furthermore, same as the starting of the transmission, if only very few symbols are left in the last subframe due to the maximum channel occupancy time, a super subframe can also be applied. An example is shown in Fig.3. When only two symbols are left in the last subframe, we combine these two symbols with the former subframe as a super subframe. The control information will be transmitted in the former subframe, and all the rest symbols will be used to transmit data.
Proposal 3: The transmission can be ended at any OFDM symbol in the subframe.
Proposal 4: The channel occupancy time can be configured as a known parameter for the UE as well as the eNB.
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. In this case, there are two options to solve this issue:
Option 1: Delay the scheduling until the eNB is prepared;

Option 2: Prepare the possible scheduling information in advance, and choose the matched one when scheduling.
Option 1 is simpler, however, it wastes the precious maximum channel occupancy time. Option 2 can make full use of the maximum channel occupancy time with the cost of multiple scheduling information buffering. Considering the efficiency and complexity, we slightly prefer Option 2.
Proposal 5: 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. From the discussion we propose that: 

Proposal 1: The transmission of the initial signal can be started when the channel is detected as idle.

Proposal 2: The transmission of the data and/or control information can be started only at the predefined positions.
Proposal 3: The transmission can be ended at any OFDM symbol in the subframe.
Proposal 4: The channel occupancy time can be configured as a known parameter for the UE as well as the eNB.
Proposal 5: Support buffer of possible scheduling information in advance for fractional subframe transmission.
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