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1 Introduction
It has been shown in different RAN1 contributions that a partial subframe at the start of an LAA downlink burst provide an effective means for increasing the throughput performance of LTE operation in unlicensed bands in combination with listen before talk procedures. In this context, it has been extensively discussed at RAN1 that different subsets of OFDM symbols as starting position are beneficial for LAA.

This contribution discusses the selection of a proper transport block size (TBS) and modulation order for transmissions on partial subframes at the start of an LAA downlink burst.  
2 Discussion
A transport block (TB) that will be transmitted in a physical downlink shared channel (PDSCH) has to be prepared prior to the transmission of the PDSCH itself. A certain number of bits, given by the transport block size (TBS), are taken from a specific HARQ process queue of the MAC layer and passed down to the PHY together with a corresponding MAC header. 

The timing relation between TB preparation and TB transmission is shown in Figure 1. The time between preparation and transmission may comprise multiple milliseconds. 
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Figure 1: Timing relation between TB preparation and TB transmission for partial subframes
The time difference between TB preparation and TB transmission has the effect that the length of the partial subframe is not known at the moment of TB preparation since it is not clear at which point of time the channel will be available in terms of successful clear channel assessment (CCA). The length of the partial subframe is basically determined by the behaviour of the co-existing nodes (such as Wi-Fi equipment) over which the LAA transmitter has no control. 

Observation:
The size of a transport block that is intended for transmission in a partial subframe has to be determined prior to the TB transmission itself.

The length of the partial subframe directly affects the length, and hence the number of REs, of a PDSCH in a partial subframe. The exact number of REs is thereby given by the combination of PDSCH length and the number of REs within the allocation that are used for other purposes than PDSCH transmission, such as for example reference signals (CRS, DMRS, etc.) or synchronization and discovery signals (PSS, SSS, etc.). 
Since the actual length of a partial subframe (and hence the number of available REs) is not known at the moment of TB determination, it can happen that the TBS that has been determined in advance will not fit into the partial subframe due to exceeding the maximum supported code rate of 0.931 if the partial subframe is too short.

Three different options can be envisioned for the TBS selection preceding the actual partial subframes construction and transmission at the start of an LAA downlink burst:
Option A:
Only small transport blocks are prepared for the partial subframe.
Option B:

A TBS scaling factor corresponding to the one used for special subframes similar to TDD.
Option C:
Modulation order adaptation for the partial subframe is used.
Option A addresses the transmission of TBs on partial subframes without combining it with the resources of the next full subframe. It can be seen as a straight forward approach based on a worst case assumption regarding the partial subframe length. This will prevent exceeding the maximum supported code rate, but it will at the same time limit the achievable throughput in the partial subframe. For example, to prepare two small transport blocks each corresponds to full subframe and half subframe length and the remaining adjustment of the symbol length is realized by the repetition would be categorized in this option.
Option B makes use of a concept that has been introduced in 36.213 for the handling of TDD special subframes. The basis for the TBS determination by means of the specified TBS table is not the actual number of scheduled RBs, but the number of scheduled RBs multiplied by a scaling factor. The current specification supports only two fixed scaling factor (0.375 and 0.75); the used scaling factor value is linked to the configured special subframe configuration.
A crucial difference between TDD special subframes and LAA partial subframes is however that the special subframe structure is configured in a semi-static fashion while the partial subframe might support multiple possible starting positions meaning that the length is not known in advance. The configured TDD special subframe structure does not change frequently and the length of both uplink and downlink transmission phase within the special subframe is known in advance. It is furthermore exactly known at which moments in time a special subframe will occur. Dynamic changing of the adaptation factor independent of the special subframe configuration is not supported for TDD. The effect of the adaptation factor is that smaller transport blocks than in case of full subframe allocations will be mapped onto downlink transmissions with reduced duration in a special subframe.  
Option C constitutes the possibility to adapt the modulation order for a transport block transmissions on partial subframes differing from the MCS table relation between TBS and modulation order. It could for example be beneficial to allow transmissions with 16QAM for transport block sizes that can currently only be transmitted with QPSK so that they fit into a partial subframe. The benefit of such additional modulation order selection flexibility is that it is possible to transmit certain transport block sizes in short or very short subframes, which would otherwise not be possible without such a modulation order adaptation. Option C is expected to provide throughput gains compared to the other two options since it does not introduce restrictions on the set of supported TB sizes for partial subframes which yield throughput limitations. The modulation order adaptation should be indicated by an additional bit in the DCI. 
Proposal:
Modulation order adaptation should be supported for partial subframes transmissions at the beginning of an LAA burst.  
3 Conclusion
We discussed in this contribution the TBS selection for partial subframe transmissions at the start of LAA downlink bursts. The investigation suggests following conclusions: 
Observation:
The size of a transport block that is intended for transmission in a partial subframe has to be determined prior to the TBS transmission itself.

Proposal:
Modulation order adaptation should be supported for partial subframes transmissions at the beginning of an LAA burst.
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