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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11] In the RAN1#79 meeting, subframe boundary alignment was agreed [1] as following:

· DL LAA design should assume subframe boundary alignment according to the Rel-12 CA timing relationships  across serving cells aggregated by CA 
· At least for LBE, some signal(s) can be transmitted by eNB between the time eNB is permitted to transmit and the start of data transmission at least to reserve the channel
· This does not imply the data transmission can start only at the subframe boundary
· Possible restriction on starting position of data transmission can be considered
· The duration of this signals(s) is part of the maximum transmission duration
· The content/additional function/duration of this signal is FFS
· This does not imply network synchronization

With the start of data transmission not limited by subframe boundaries, LBE in LAA could obtain the channel with more equal priority during the channel competition with Wi-Fi nodes. We’d like to discuss the DL data transmission of LBE in LAA and corresponding scheduling timing with aligned subframe boundaries in this contribution.
Transmission signal before subframe boundary
As discussed in our previous contribution [2], LAA transmission started only at 1ms subframe boundary (classified as FBE) would have lower access priority than Wi-Fi (classified as LBE) started at 4μs symbol boundary. Thus, to increase the access priority of LAA to equal level with Wi-Fi requires earlier channel occupancy after clear CCA. Data transmission started/ended in the middle of subframe was proposed in [3][4]. We discuss what signals could be transmitted before the LTE subframe boundary.
Transmission before LTE OFDM symbol boundary 
If LAA inherits the current OFDM numerology of LTE, there can be a period of less than on LTE OFDM symbol between successful CCA the next OFDM symbol boundary. We may call the transmission during this period reservation signal. For the mere purpose of channel reservation the transmission of a simple energy burst is sufficient. Therefore, just up to eNB implementation can be sufficient. Another possibility is to use a specific specified reservation signal that can be used for AGC setting and fine frequency/time estimation on the receiver side but it requires new OFDM numerology.
Observation-1: A reservation signal can be considered as a means for reserving the unlicensed channel after successful CCA until the next LTE OFDM symbol boundary. It may be just up to eNB implementation or may be specified for AGC setting and fine frequency/time estimation purpose.

Transmission of LTE OFDM symbol before subframe boundary
After successful CCA and reservation signal transmission prior to the OFDM symbol boundary, LTE OFDM symbols can be sent following the LTE OFDM symbol pattern before the next subframe boundary. If reservation signal is just implementation or is not sufficient for AGC setting and fine frequency/time estimation, LTE OFDM symbols in this period need to provide the functionality for AGC setting and fine frequency/time estimation. If these functionalities do not utilize all REs of this period, data transmission can be considered. We call such data transmission shortened PDSCH. Such data transmission could improve the efficiency especially when the maximum allowed occupancy is short (e.g. 4ms in Japan). These timing relations are shown in Figure 2. 
Observation-2: Data transmission in form of shortened PDSCHs can be considered as a means for occupying an unlicensed channel prior to the subframe boundary.
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[bookmark: _Ref410202721]Figure 2 Shortened PDSCH with flexible starting symbol

We can envisage two high level options of shortened PDSCH as written below. In both options, the shortened PDSCH ends before the next normal subframe.
Option 1: The n-th OFDM symbol in a normal subframe is sent in the n-th OFDM symbol in shortened PDSCH regardless of when is the starting symbol of shortened PDSCH 
Option 2: The starting symbol of the shortened PDSCH is same as if the first OFDM symbol in a frame.
We think Option 2 looks attractive as it has some similarity with the DwPTS operation.
There are further variations of the described options regarding following points.
- Should the starting symbol of a shortened PDSCH by within the control region or not? This is discussed further in the next section.
- Should the shortened PDSCH be encoded together with the first full subframe or should the shortened PDSCH be encoded separately. This has the impact on TBS and so on.

Timing Relation between (E)PDCCH and Shortened PDSCH
As discussed in Section 2, the granularity of a shortened PDSCH is given by the LTE OFDM symbol duration, while the transmission opportunities for (E)PDCCHs follow the subframe duration granularity. In the following, we discuss the (E)PDCCH timing for cross-carrier scheduling and self-scheduling for shortened PDSCHs.
Cross-Carrier Scheduling
After the transmission of shortened PDSCH, the (E)PDCCH is sent at the next licensed carrier subframe boundary. An example of such a PDCCH transmission is given in Figure 5. Cross-carrier scheduling via EPDCCH has a similar effect.
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Figure 5 PDSCH scheduled by PDCCH in latter subframe
In order to correctly indicate the shortened PDSCH, the length (e.g. number of OFDM symbol) of PDSCH should be indicated in corresponding (E)PDCCH. Based on the PDSCH length and subframe boundary, the start of shortened PDSCH could be derived. It should be noted that UEs should always buffer at maximum one previous subframe in unlicensed band until the decoding of (E)PDCCH.
Self-Scheduling
If self-carrier scheduling (i.e. scheduling signal would be sent in unlicensed band) is supported, the timing for sending (E)PDCCHs is more flexible based on CCA success. As shown for example in Figure 6, scheduling information (by means of PDCCH) for the shortened PDSCH could be sent as part of some signal prior to the PDSCH; a similar relationship between PDCCH and PDSCH as in the licensed band could be maintained on the  unlicensed band. The reliability of such a scheduling information transmission would be ensured by the LBT procedure in this option. The use of EPDCCH for self-scheduling of shortened PDSCHs may be more difficult since the number of available OFDM symbols will most likely be small.  For subsequent subframes within the LAA burst, traditional scheduling by (E)PDCCH could also be possible.
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Figure 6 Flexible control region in unlicensed band

If transmission of scheduling information should be done within traditional (E)PDCCH regions, similar methods as discussed for the cross-carrier scheduling scenario could be considered, as shown in Figure 7.
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Figure 7 Fixed/aligned control region in unlicensed band

Observation-3: The scheduling timing for shortened PDSCHs with flexible transmission time would depend on both the carrier type and control region design for sending scheduling signal.
Conclusion
In this contribution, we discussed the PDSCH design and corresponding scheduling for flexible transmission time. We have the following observations:
Observation-1: A reservation signal can be considered as a means for reserving the unlicensed channel after successful CCA until the next LTE OFDM symbol boundary. It may be just up to eNB implementation or may be specified for AGC setting and fine frequency/time estimation purpose.
Observation-2: Data transmission in form of shortened PDSCHs can be considered as a means for occupying an unlicensed channel prior to the subframe boundary.
Observation-3: The scheduling timing for shortened PDSCHs with flexible transmission time would depend on both the carrier type and control region design for sending scheduling signal.
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