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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 [1].

Furthermore, the following agreement was made in RAN1 LAA Ad-hoc meeting [2].
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In this contribution, we provide our views on subframe structure for LAA discontinuous transmission. 
2. Starting/ending OFDM symbols of PDSCH
For the current LTE system operated in a licensed band, eNB transmits physical channels and physical signals within a subframe structure. Each set of physical channels/signals within a subframe always starts and ends at subframe boundaries (except in the case of 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. The blue part includes the minimum contention access duration (defined to have 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.)
In RAN1 LAA Ad-hoc meeting, it was agreed that the restriction for physical channel transmission in LAA carrier is relaxed in order to avoid the mentioned overhead due to LBT and the new signal. To ease the restrictions on PDSCH transmission, there are several options with respect to the starting/ending OFDM symbols of the PDSCH. 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 the starting nor the 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 / new signal, and the maximum occupied time is fully utilized. In (b), the 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), the 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 a 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.
Given that any OFDM symbol can be the starting/ending OFDM symbols of the PDSCH transmission, scheme (a) achieves the highest gain regardless of traffic load, since it does not require any reservation signal after channel access completion. However, to have full flexibility is not a good approach in terms of complexity and specification impact, as it requires both eNB and UE to support a wider range of data size within a TTI. Moreover, the overhead of the control signaling for sharing the starting/ending OFDM symbols between the eNB and the UE may increase. Therefore, the possible starting/ending OFDM symbols should be still limited. Scheme (b) and (c) can be recognized as versions of scheme (a) limited with some specific starting/ending OFDM symbols. These schemes also bring the same overhead reduction gain as Scheme (a) when there are not asynchronous competitive nodes, but the gain decreases the asynchronous competitive nodes increase.
Proposal 1:

· Possible starting/ending OFDM symbols of PDSCH should be limited.
The relaxations of the starting and ending OFDM symbol discussed above are necessary in the first and the last subframe in a burst, respectively. In the middle subframes in the burst, whole subframes should be utilized. In other words, the possible starting/ending OFDM symbols of PDSCH in a given subframe depend on the location of the subframe within a downlink transmission burst. Therefore, UE’s need for knowledge about the starting/ending timing of the downlink transmission burst has impact on the necessary control information for the PDSCH, as some UEs may be only addressed in full subframes. 
Proposal 2:

· Before discussing necessary control information for PDSCH, RAN1 should discuss whether UE has to know the starting/ending timing of the downlink transmission burst containing the PDSCH.
3. Starting/ending OFDM symbols of EPDSCH
By the same reason for PDSCH, possible starting/ending OFDM symbols of EPDCCH should also be limited. Especially, the number of starting/ending OFDM symbols of EPDCCH has large impacts on the number of blind decoding attempts. Therefore, their flexibilities should be lower than that of PDSCH so that the number of blind decoding attempts decreases.
Proposal 3:

· Possible starting/ending OFDM symbols of EPDCCH should be limited.
· The flexibilities on EPDCCH starting/ending OFDM symbols should be lower than that of PDSCH.
In LAA carrier, the eNB has to perform LBT prior to a DL transmission burst. For self scheduling, EPDCCH transmission of the first subframe of the DL transmission burst cannot start earlier than the LBT detection, since the EPDCCH is contained in the DL transmission burst itself. For cross carrier scheduling, scheduling EPDCCH is not contained in the DL transmission burst on LAA carrier. However, even in this case, it is more natural that the EPDCCH starts after ensuring CCA, since the eNB does not know whether or not it can transmit the corresponding PDSCH on the LAA cell until the LBT detection is finished.
Proposal 4:

· In the first subframe of a DL transmission burst, EPDCCH should start after ensuring CCA regardless of scheduling scheme.
4. Conclusion
In this contribution, we present our views on LAA subframe structure and propose the following: 
Proposal 1:

· Possible starting/ending OFDM symbols of PDSCH should be limited.
Proposal 2:

· Before discussing necessary control information for PDSCH, RAN1 should discuss whether UE has to know the starting/ending timing of the downlink transmission burst containing the PDSCH.
Proposal 3:

· Possible starting/ending OFDM symbols of EPDCCH should be limited.
· The flexibilities on EPDCCH starting/ending OFDM symbols should be lower than that of PDSCH.
Proposal 4:

· In the first subframe of a DL transmission burst, EPDCCH should start after ensuring CCA regardless of scheduling scheme.
5. References
[1] 3GPP RAN1#80, Chairman’s note.
[2] 3GPP RAN1 LAA Ad-hoc, Chairman’s note

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:


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
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Signal transmitted only for reservation after channel access completion
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