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1. Introduction

The WID for "New Work Item on Licensed-Assisted Access to Unlicensed Spectrum" [1] was approved in RAN#68. During the associated SI phase, design targets for LAA were discussed. In RAN1#81, possible candidates for PDSCH transmission were identified as the following [2]:
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In this contribution we provide our views on physical channel structures for LAA discontinuous transmission. 
2. DL transmission burst
In TR36.889 [3], the DL transmission burst is defined as “Each DL transmission burst is a continuous transmission from a DL transmitting node with no transmission immediately before or after from the same node on the same CC.” In some regions, the length of the DL transmission burst is restricted by regulatory requirements on a maximum channel occupancy time, e.g. 4 ms in Japan and 10 ms in Europe. Even with such kind of restrictions, the DL transmission burst can still contain several subframes as shown in Figure 1.
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Figure 1: DL transmission burst
The network does not know the starting and ending positions of a DL transmission burst before channel sensing for contention access. However, RAN2 already agreed that common DRX is used for both LAA and non-LAA carriers. Hence, a UE that just woke up does not know which part of the subframe contains the DL transmission burst. Therefore, it is preferable that a unified (E)PDCCH monitoring procedure is used irrespective of the subframe type (i.e. Type-0, Type-1 or Type-2 subframe). A simple way is that the UE monitors multiple (E)PDCCHs that have different starting and ending positions in every subframe, where some of the (E)PDCCHs can be carried in Type-1 subframe and some others can be carried in Type-2 subframe.
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Figure 2: EPDCCH location for self scheduling
Proposal 1:

· A unified (E)PDCCH monitoring procedure should be used irrespective of subframe type (i.e. Type-0, Type-1 or Type-2 subframe).
· UE attempts blind decoding of multiple (E)PDCCHs having different starting and ending positions in every subframe.
For an efficient use of partial subframes, super TTI [4] and backward scheduling [5][6] have been proposed. For the super TTI, a single transport block is mapped to multiple PDSCHs of different subframes. At the time when the UE performs blind decoding of (E)PDCCH, the UE does not know whether the previous subframe carried a part of the transport block or not. Hence, fully buffering of the previous subframe becomes necessary, which is unreasonable. By the same reason, the backward scheduling, which requires a prior buffering, is also not appropriate. Therefore, Option 1 is preferable, namely a DL transport block should be only transmitted on a subset or all of the OFDM symbols in the DL subframe.
Proposal 2:

· A DL transport block should be only transmitted on a subset or all of the OFDM symbols in the DL subframe (i.e. Option 1).

3. Starting/ending OFDM symbols of EPDCCH
Given that a unified EPDCCH monitoring procedure is used irrespective of subframe type, it is most natural that the EPDCCH starting/ending positions are detected by EPDCCH blind decoding. Otherwise, the UE has to obtain information about the EPDCCH starting/ending positions prior to EPDCCH blind decoding, even when the UE just woke up from DRX. The number of EPDCCH starting/ending OFDM symbol candidates has large impact on the number of blind decoding attempts. Therefore, possible starting/ending OFDM symbols of EPDCCH should be limited so that the number of blind decoding attempts decreases. 
Proposal 2:

· UE can detect EPDCCH starting/ending OFDM symbols based on blind decoding.

· Possible starting/ending OFDM symbols of EPDCCH should be limited so that the number of blind decoding attempts decreases.
In LAA carrier, the eNB has to perform LBT prior to a DL transmission burst. For self scheduling, the EPDCCH 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, the scheduling EPDCCH is not contained in the DL transmission burst on the 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.
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Figure 3: EPDCCH starting position
Proposal 3:

· In the first subframe of a DL transmission burst, EPDCCH should start after ensuring CCA irrespective of scheduling scheme.

On the other hand, PDCCH transmission requires the whole system bandwidth of the scheduling serving cell. Modification of the PDCCH starting position has a large impact on all PDSCH transmissions of the licensed carrier, in which legacy UEs exist. Therefore, whether/how to use PDCCH for the cross-carrier scheduling should be studied further.
4. Starting/ending OFDM symbols of PDSCH
Given that the PDSCH starting/ending position is indicated by the corresponding (E)PDCCH, possible PDSCH starting/ending OFDM symbols should be relatively limited to reduce the size (in bits) of the indication of the PDSCH starting/ending positions. On the other hand, as for PDSCH the number of possible starting/ending OFDM symbol candidates does not have any impact on the number of blind detection attempts, the flexibility on PDSCH starting/ending OFDM symbols can be higher than that of EPDCCH. 
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Figure 4: PDSCH starting/ending position indications
Proposal 4:

· UE is informed of the PDSCH starting/ending OFDM symbols via the corresponding (E)PDCCH.

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

· The flexibility on PDSCH starting/ending OFDM symbols can be higher than that of EPDCCH.
5. Conclusion
In this contribution, we present our views on LAA subframe structure and propose the following: 
Proposal 1:

· A unified (E)PDCCH monitoring procedure should be used irrespective of subframe type (i.e. Type-0, Type-1 or Type-2 subframe).
· UE attempts blind decoding of multiple (E)PDCCHs having different starting and ending positions in every subframe.
Proposal 2:

· UE can detect EPDCCH starting/ending OFDM symbols based on blind decoding.

· Possible starting/ending OFDM symbols of EPDCCH should be limited so that the number of blind decoding attempts decreases.
Proposal 3:

· In the first subframe of a DL transmission burst, EPDCCH should start after ensuring CCA irrespective of scheduling scheme.

Proposal 4:

· UE is informed of the PDSCH starting/ending OFDM symbols via the corresponding (E)PDCCH.

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

· The flexibility on PDSCH starting/ending OFDM symbols can be higher than that of EPDCCH.
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Agreements:


At least the following options are identified as possible candidates for PDSCH transmission in a DL subframe on a LAA SCell





Option 1: A DL transport block is only transmitted on a subset or all of the OFDM symbols in the DL subframe


Option 2: A DL transport block is transmitted on a subset of the OFDM symbols in the DL subframe and all OFDM symbols in the next or the previous subframe


Option 3: A DL transport block is transmitted on a subset of OFDM symbols in the DL subframe and a subset of the OFDM symbols in the next or the previous subframe within a TTI less than or equal to 1ms or in a subset or all OFDM symbols in one subframe


Note: This does not preclude the possibility of using different options for different subframes
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