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1 Introduction

In RAN1 #82 meeting, the following was agreed on DL transmission methods for LAA Scell [1].
· 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)
Additionally for discontinuous transmission with limited maximum transmission duration, in LAA ad-hoc meeting, the following agreement was achieved [2]. 
· LAA supports transmitting PDSCH when not all OFDM symbols are available for transmission in a subframe according to LBT, also support delivering necessary control information for the PDSCH

·  FFS starting/ending OFDM symbols of the PDSCH

In this contribution, we give the views on the candidate starting/ending positions of partial subframe and corresponding partial subframe design for Option 1. The discussion on Option 3 can be found in our companion contributions [3]
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[4].
2 Discussions
One example of Option 1 is depicted in Figure 1. Some channel reservation signals/initial signals may need to be transmitted before the starting position of the partial subframe.
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Figure 1. Example of the discontinuous transmission over LAA
When choosing the candidate starting positions of the first partial subframe, the following aspects should be considered.

· System spectral efficiency
According to the description in TR36.889 [5], it is recommended that a Category 4 LBT mechanism is the baseline at least for LAA DL transmission bursts containing PDSCH. Since Category 4 LBT mechanism enables eNB to sense the channel whenever there is packet in the buffer, the eNB may access the channel at any time. Therefore some channel reservation signals would be needed between the instant when eNB competes successfully for the channel and the starting position of the partial subframe, which will incur the overhead and impact the system spectral efficiency. 
As analyzed in [6] based on the overhead comparison of LBE with different numbers of OFDM symbols to allow PDSCH/PDCCH/EPDCCH transmission in the partial subframe, it was observed that the overhead is large (especially for Japan) if the PDSCH is only allowed to be transmitted from an OFDM symbol of the first slot. Therefore PDSCH transmission should not only be allowed to start form the first slot of the subframe. 
· Complexity of partial subframe design

In [7], two options are considered for the partial subframe design. One is to reuse DwPTS design and shift the DwPTS pattern to the end of the partial subframe. The other is to reuse current subframe pattern with reduced symbols. From the aspect of design complexity, the latter one is preferable since only the data channels (e.g. (E)PDCCH/PDSCH) are needed to shift and begin to transmit from the potential starting positions and there is no change for reference signals mapping. While for the option to reuse DwPTS design, both the data channels and reference signals should be shifted. Therefore reusing current subframe pattern with reduced symbols is preferred for the first partial subframe design. Furthermore to ensure the decoding performance, PDCCH should start to be transmitted at an OFDM symbol with CRS. Therefore it seems the potential starting symbols can be within the symbols {0, 4, 7, 11}.
· Blind detection complexity to determine the starting positions
As proposed in [8], UE can perform blind detection to determine the starting positions of DL transmission burst via the initial signal. Certainly it is desirable to restrict the candidate starting positions to reduce the blind detection complexity. 
According to the above discussions, to ensure the system spectral efficiency and reduce the blind detection complexity, the candidate starting positions can be the symbols {0, 7}.
Proposal 1: the starting positions should not only be allowed to the first slot of the subframe to minimize the overhead.
Proposal 2: Reusing current subframe pattern with reduced symbols for the first partial subframe of the DL transmission burst
· Candidate starting positions are symbols {0, 7}.
As for the design of the last partial subframe, it is straightforward to reuse DwPTS design. As discussed above, since some channel reservation signals would be needed between the instant when eNB competes successfully for the channel and the starting position of the partial subframe, the ending position of the last partial subframe could be different. Therefore the ending position should be indicated dynamically and the last partial subframe can reuse as much DwPTS patterns as possible.
Proposal 3: Reusing DwPTS design for the last partial subframe of the DL transmission burst

· The ending position should be indicated dynamically.
3 Conclusion

In this contribution, the candidate starting/ending positions of partial subframe and corresponding indication for LAA are discussed. According to the discussions, the following proposals can be obtained. 
Proposal 1: the starting positions should not only be allowed to the first slot of the subframe to minimize the overhead.
Proposal 2: Reusing current subframe pattern with reduced symbols for the first partial subframe of the DL transmission burst
· Candidate starting positions are symbols {0, 7}.
Proposal 3: Reusing DwPTS design for the last partial subframe of the DL transmission burst

· The ending position should be indicated dynamically.
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