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1. Introduction

In RAN1#80, functionalities that could be potentially required for Licensed-assisted access (LAA) discontinuous transmission were clarified as the following.
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In this contribution, we provide our views on subframe structure for LAA discontinuous transmission. 
2. LAA access considerations 
For the current LTE system operated in a license band, eNB transmits physical channels and physical signals with subframe basis. Each set of physical channels/signals with a subframe always starts and ends at subframe boundaries, except special subframes.
For LAA, eNB has to perform LBT prior to transmission of physical channels and physical signals. In addition, it has been proposed that some new signal is transmitted from the beginning of each discontinuous downlink transmission. Figure 1 shows an example case when there is no asynchronous competitive node, where each set of physical channel transmission always starts and ends at subframe boundaries. Blue part consists of a minimum contention access duration, which is defined as set of the same number of CCA timeslots as an initial contention window size, and the new signal described in the agreement from RAN1#80 (if required). In this case, the eNB has to suspend the transmission of the physical channels for one subframe length in each LBT instance even if clear channel is ensured within the minimum contention access duration.
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Figure 1: Transmission of physical channels always starts and ends at subframe boundaries. (Max occupied time = 4ms.)
On the other hand, given that the restriction for physical channel transmission in LAA carrier is relaxed, the overhead due to LBT and a new signal can be mitigated. Figure 2 shows some examples. 
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Figure 2: Transmission of physical channels does not always start and end at subframe boundaries. (Max occupied time = 4ms.)
In (a), neither starting nor ending point of the physical channel transmission has to be at subframe boundaries. Considering minimization of the overhead, the first physical channel transmission in a downlink burst starts just after the minimum contention access duration or the new signal and the maximum occupied time is fully utilized. In (b), ending point of the physical channel transmission does not have to be at subframe boundaries. More specifically, although the physical channel transmission has to start at a subframe boundary, the physical channel transmission in a burst ends at a fixed time before another subframe boundary. Meanwhile, in (c), starting point of the physical channel transmission does not have to be at subframe boundaries. To be specific, the first physical channel transmission in a burst always starts at the fixed time after a subframe boundary, though the physical channel transmission ends at another subframe boundary. For (b) and (c), the fixed time can be derived as a total duration of minimum contention access duration and transmission duration of the new signal.
Scheme (a) achieves the highest gain regardless of traffic load, since it does not require any reservation signal after channel access completion. Scheme (b) and (c) also bring the same overhead reduction gain as Scheme (a) when there are not asynchronous competitive nodes. But, the gain decreases with increasing the asynchronous competitive nodes.

Proposal:
· For physical channel (i.e. a set of PDSCH, PDCCH and EPDCCH) transmission in LAA carrier, at least one of the following relaxations should be applied:

· The physical channel transmission within a subframe does not have to start at a boundary of the subframe.

· The physical channel transmission within a subframe does not have to end at a boundary of the subframe.
3. Conclusion
In this contribution, we present our views on LAA subframe structure and propose the following: 
Proposal:
· For physical channel (i.e. a set of PDSCH, PDCCH and EPDCCH) transmission in LAA carrier, at least one of the following relaxations should be applied:

· The physical channel transmission within a subframe does not have to start at a boundary of the subframe.

· The physical channel transmission within a subframe does not have to end at a boundary of the subframe.
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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)
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