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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
It has been agreed that the Licensed Assisted Acces (LAA) eNodeB shall perform Clear Channel Assessment (CCA) before transmission [1]. At least for Load Based Equipment (LBE), the start of the transmission is not always aligned with the subframe boundary, as there is no fixed CCA pattern, which could make it possible to start data transmission before the subframe boundary. Support of this functionality is preferred as it is efficient in terms of resource usage. Accordingly, several solutions were proposed which allows data transmission in a fractional subframe [2-3]. In this contribution, issues of data transmission in a fractional subframe, such as DMRS support, TBS scaling and HARQ retransmission, are analyzed.      
[bookmark: _Ref129681832]Motivation for transmission in a fractional subframe
A straightforward way to support data transmission on the LAA carrier is to reuse the legacy principle, i.e., always starting transmissions from the subframe boundary. This causes several disadvantages:
· Lower spectral efficiency. The CCA success may happen at any time within a subframe, while the LAA eNodeB can only start data transmission at the first subframe boundary after CCA. Thus on average, half a subframe will become unutilized. Given that each transmission should not exceed the maximum occupancy time, this implies non-trivial losses in spectral efficiency. For example, if the maximum channel occupancy time is 4 ms (as in Japan [4]), the average spectral efficiency loss becomes 12.5%.  In a worst-case, the loss could approach 50%.
· Longer delay. The DL data transmission has to wait until the subframe boundary, i.e., 0.5 ms delay in average. In addition, as the user date rate is reduced due to the reduction of the effective transmission duration every time when the eNodeB succeeds in CCA, the UE may need more DL transmission opportunities to finish the pending transmission packet, causing further increased delay. 
Therefore it would be beneficial to support data transmission immediately after the CCA procedure has succeeded (potentially also after a preamble has been transmitted). In additional, there would be also a potential fractional subframe in the end of the downlink transmission to make use of the entire maximum occupancy time. Similar benefits could be achieved by allowing that the data transmission is possible not to end at the subframe boundary. 
Proposal 1: Data transmission may not need to start from the subframe boundary and may not need to end at the subframe boundary. 

Issues for transmission in a fractional subframe
Several solutions were proposed for allowing data transmission in a fractional subframe, i.e., the transmission may start at any OFDM symbol in a subframe and end at the first subframe boundary, or the transmission may start at the second subframe boundary. This is illustrated in Figure 1, where it is also assumed that a preamble is transmitted after the CCA has succeeded. However, both these options violate the LTE DL transmission principle which is on subframe basis. Therefore, several new issues need to be considered for supporting transmission in a fractional subframe, such as DMRS support, TBS scaling and HARQ.
[image: ]
Figure 1. Solutions of fractional subframe based data transmission, using either 2 transport blocks (TBs) (left) or 1 TB (right). 

Demodulation Reference Signal (DMRS) transmission
As specified in LTE, antenna port 7 and antenna port 8 are code multiplexed using a length-2 code. In addition, antenna port 7/8 and antenna port 11/12 are multiplexed using a length-4 code. However, there is no guarantee that a fractional subframe will contain all the UE-specific RSs.  For example as shown in Figure 2, if a preamble ends at OFDM symbol  in the first slot, there are only 3 OFDM symbols carrying UE-specific RSs. This would make it difficult or even impossible for the receiver to distinguish the code-multiplexed RSs, since the UE needs 2 or 4 code multiplexed REs to despread the RSs, e.g., antenna port 7 with antenna port 8, and antenna port 7/8 with antenna port 11/12.


Figure 2. DMRS issue in a fractional subframe
If at least one OFDM symbol containing DMRS is punctured in the fractional subframe, it would be impossible to support any downlink transmission beyond 4 layers as UE is not able to despread the length-4 RSs. In addition, there is negative impact to UE implementation and channel estimation performance for any multi-layer downlink transmission as the UE is not able to despread the length-2 RSs multiplexed by antenna port 7 and port 8. Puncturing the DMRS is basically equivalent to designing a new DMRS pattern design, which needs further evaluation.

TBS Selection
In Fig. 1, a transport block is transmitted over a fractional subframe or a fractional subframe plus a complete subframe. This may result in mismatch between MCS selection and TBS selection. The LTE system supports adaptive MCS, which enables the transmitter to choose the proper MCS index based on SINR condition. Basically different MCSs correspond to different SINRs in order to reach some performance target, e.g., a certain transmission efficiency or fulfilling a given BLER target. The mapping between MCS index and TBS index was determined assuming a baseline assumption of the number of available REs, i.e., a predefined number of OFDM symbols used for PDSCH. It would cause significant error for mapping between TBS and MCS if the number of OFDM symbols used for PDSCH is vastly different with the baseline assumption. Therefore TBS scaling may be needed to support the transmission over a fractional subframe. If the fractional subframe contains 1 TB (Fig. 1 left), a set of smaller TBSs will be needed and if the fractional subframe is scheduled together with the regular subframe (Fig. 1 right), a set of larger TBSs will be needed. Such scaling may not be trivial to specify since, the fractional subframe duration is not fixed and ranges from 1 OFDM symbol to 13 OFDM symbols in normal CP case. 
In addition, PDCCH/ePDCCH for one fractional subframe only seems not cost-efficient and should be not supported for LAA downlink scheduling.
Proposal 2: PDCCH/ePDCCH for one fractional subframe only should be not supported for LAA downlink scheduling.

HARQ
The soft buffer size is defined assuming a maximum time-frequency resource of 1 ms subframe. In case a transport block is transmitted in a fractional subframe plus a complete subframe, the current soft buffer size may need to be increased which results in new UE capability. Alternatively, if the soft buffer size is not changed, a consequence could be reduced peak data rate, as the same TB will be transmitted over a prolonged duration.  
Fractional subframe transmission also has an impact to HARQ retransmission. As only the first transmission is in a fractional subframe while the corresponding retransmission is typically in a normal subframe, it would be difficult or even impossible for the LAA eNodeB to schedule retransmissions. This would particularly become an issue in case where the initial transmission is in a fractional subframe plus a complete subframe (Fig. 1 right), whereas the retransmission is performed in a normal subframe. In addition, this may also preclude the use of Chase combining. 
Proposal 3: Solutions for data transmission not starting from the subframe boundary need to address the issues related to DMRS, TBS selection and HARQ.

Conclusions
The motivation of the data transmission not starting from the subframe boundary, as well as the issues of the corresponding solution supporting data transmission in a fractional subframe, are discussed. It is proposed:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: Data transmission may not need to start from the subframe boundary and may not need to end at the subframe boundary. 
Proposal 2: PDCCH/ePDCCH for one fractional subframe only should be not supported for LAA downlink scheduling.
Proposal 3: Solutions for data transmission not starting from the subframe boundary need to address the issues related to DMRS, TBS selection and HARQ.
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