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Introduction
[bookmark: _GoBack]During the associated SI phase, design targets for LAA were discussed and three possible candidates for PDSCH transmission were identified in terms of TTI length. In RAN1#82, it was agreed that longer-than-1ms TTI, namely Super TTI, is excluded as shown below [1].
Agreements:
· The following option is excluded for PDSCH transmission in a DL subframe on a LAA SCell
· 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 (i.e. Super TTI)
· Further study on the following options for PDSCH transmission in a DL subframe on a LAA SCell considering spectrum efficiency, eNB/UE complexity, etc
· Option 1: A DL transport block is only transmitted on a subset or all of the OFDM symbols in the DL subframe (i.e. Partial TTI)
· 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 (i.e. Floating TTI)


In this contribution we provide our views on physical channel structures for LAA discontinuous transmission. 
DL transmission burst
In TR36.889 [2], 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
For detecting transmissions, several options have been considered, .e.g. an initial signal detection based scheme, CRS detection based scheme, common DCI signaling indicating the DL transmission burst, DL grant based scheme, etc. These schemes can be classified into two groups from the viewpoint of LAA UE’s cognizance of the DL transmission burst, namely whether or not UE needs to recognize the DL transmission burst for reception of PDSCH contained in the 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. With the common DRX, in order that a UE that just woke up knows which part of the subframe contains the DL transmission burst, the UE needs to be awakened at every possible starting subframe of a transmission burst and have to blindly detect or be signaled an indication of its starting position. These sleep mode interruptions cause the UE’s significant power consumption. Otherwise, in every subframe the eNB has to inform the UE of the starting and ending positions of the current DL transmission burst.
For synchronization, a baseline solution is that DRS for RRM measurement is used for coarse time/frequency synchronization and then reference signals (e.g. CRS and/or DMRS) imbedded with (E)PDCCH/PDSCH are used for fine time/frequency synchronization, as discussed in RAN1#80bis. So far, there has not been any proof that an LAA UE needs to use another candidate (e.g. initial signal) on top of the combination of the DRS for RRM measurement and CRS/DMRS imbedded with (E)PDCCH/PDSCH. Therefore, synchronization does not motivate LAA UE’s cognizance of the DL transmission burst.
Proposal 1:
· UE does not have to recognize DL transmission bursts.
· UE does not need to detect initial signals.
· Signaling indicating a DL transmission burst is not supported.
If it is assumed that the UE does not recognize DL transmission burst, 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
Moreover, two consecutive DL transmission bursts across CCA slot(s) should be able to be present within a subframe. Figure 3 shows an example, in this instance the UE (e.g. UE2) performing blind detection for Type-2 subframe may have to attempt blind detection in the same subframe to receive PDSCH transmitted as in Type-1 subframe. The first set of blind decoding might be still going even after starting to receive the latter part. Taking into account the UE’s processing time constraint, the total number of blind decoding attempts for LAA SCell within a subframe should be comparable to that for Rel-12 SCell even when the subframe can carry two sets of (E)PDCCH belonging to different DL transmission bursts. The unified (E)PDCCH monitoring procedure discussed above also fulfills this requirement.
[image: ]
Figure 3: EPDCCH location for self scheduling
Proposal 2:
· 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.

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 3:
· 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.

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. 
[image: ]
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.

Conclusion
In this contribution, we present our views on LAA subframe structure and propose the following: 
Proposal 1:
· UE does not have to recognize DL transmission bursts.
· UE does not need to detect initial signals.
· Signaling indicating a DL transmission burst is not supported.
Proposal 2:
· 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 3:
· 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 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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