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1 Introduction

In 3GPP TSG RAN #68 meeting, the work item of “New Work Item on Licensed-Assisted Access to Unlicensed Spectrum” was approved for Release 13 study [1]. The detailed objectives of the work item are to specify support for the following functionalities:
· Channel access framework including clear channel assessment

· Discontinuous transmission with limited maximum transmission duration

· UE support for carrier selection

· UE support for RRM measurements including cell identification

· AGC, coarse and fine time and frequency synchronization

· Channel-State Information (CSI) measurement, including channel and interference
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 positions of partial subframe and corresponding RS pattern for LAA.
2 Discussions
2.1 Consideration on candidate starting positions for (E)PDCCH/PDSCH of partial subframe

Firstly the system spectral efficiency will be impacted by the candidate starting positions for (E)PDCCH/PDSCH. According to the description in TR36.889 [3], 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 when (E)PDCCH/PDSCH begins to be transmitted, which will incur the overhead and impact the system spectral efficiency. Therefore the system spectral efficiency needs to be considered when choosing the candidate starting positions.
As proposed in [4], the DL transmission burst needs to be indicated to the UE. UE can know the DL transmission burst(s) by acquiring the starting positions and ending positions of DL transmission burst. Furthermore, UE can perform blind detection or be signalled explicitly to determine the starting positions of DL transmission burst. Certainly it would be expected that restricting the candidate starting positions for (E)PDCCH/PDSCH will reduce the blind detection complexity or the signalling overhead. Thus when choosing the candidate starting points, the blind detection complexity/signalling overheads should be considered.

Observation 1: It is necessary to jointly consider the system spectral efficiency as well as the blind detection complexity/signalling overhead when restricting the starting positions of the partial subframe.
One possibility is that eNB is only allowed to start transmission between symbol 0 and symbol 3, and if the eNB cannot access the channel by the third OFDM symbol then the duration between symbols 3 and the next subframe boundary is frozen for this eNB and allows other nodes to perform channel sensing. According to this assumption, UE only needs to detect two positions to determine whether there is start of the discontinuous transmission. However this would greatly lead to low efficiency due to the frozen time. As analyzed in [5] 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.

Proposal 1: (E)PDCCH/PDSCH transmission should not only be allowed to start from the first slot of the subframe to minimize the overhead.
2.2 Partial subframe design

2.2.1 Scheduling of the partial subframe
At least two options can be considered for scheduling partial subframe. One is to treat the partial subframe as one individual part to support data transmission as shown in Figure 1, i.e. the partial subframe is scheduled by an individual DCI. The other option is to treat the partial subframe as part of the transmission occurring jointly with the closest subframe as shown in Figure 2, i.e. super TTI as mentioned in [6]. 
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Figure 1. The partial subframe is scheduled independently of other subframe
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Figure 2. The partial subframe is scheduled as a part of super TTI
Since the data transmission over DwPTS already supports individual scheduling in LTE, the principle can be retained and used for reference when considering the partial subframe is scheduled by an individual DCI for Option 1. On the other hand, if the super TTI is considered, at least the design on TBS selection, HARQ retransmission as well as UE buffer needs more investigation. From these aspects, Option 2 is not preferable for the partial subframe design. 
Proposal 2: A partial subframe should be scheduled independently of other subframes.
2.2.2 Data mapping and corresponding RS design over the partial subframe

If the partial subframe is scheduled independently of other subframes, at least two options can be considered to support the partial subframe design.  
One option is reusing DwPTS design. In the current TDD special subframe configuration mode, PDSCH transmission is allowed for 6/9/10/11/12 OFDM symbols within DwPTS. Reusing the DwPTS design would not impact the data transmission over the partial subframe from the perspective of RE mapping for reference signals (e.g. CRS, DMRS), HARQ retransmission. A straightforward method to reuse DwPTS design to support PDSCH in the partial subframe can be based on the time-shifting of the current DwPTS transmission. One example is shown in Figure 3-(a), where the special subframe configuration 9 (6 symbols for DwPTS) is assumed. Therefore from the aspect of reusing DwPTS design for starting positions of partial subframe, the candidate starting symbols can be within the set {0, 2, 3, 4, 5, 8}. To further reduce the blind detection or signalling overhead, the candidate starting symbols can be down-selected and accordingly within the set {0, 3, 5, 8}. In addition, both PDCCH and EPDCCH transmission can be supported by following the DwPTS design.
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Figure 3.
Data mapping and corresponding RS design over the partial subframe
Another option is to reusing current subframe pattern with reduced symbols. One example is shown in Figure 3-(b), where the starting point of (E)PDCCH/PDSCH is at symbol #7. 
In this option, the starting positions can be distributed evenly as much as possible so as to reduce the overhead introduced by the channel reservation signals as analyzed in section 2.1. In addition, if PDCCH is supported, PDCCH can start to be transmitted from the first symbol after occupying the channel, and avoid the DMRS transmission. Furthermore to ensure the decoding performance, PDCCH should start to be transmitted at an OFDM symbol with CRS. Therefore for this option, it seems the potential starting symbols can be within the set {0, 4, 7, 11}. However considering the minimum TBS for DwPTS is based on 4 OFDM symbols, the symbols left in the partial subframe when the starting position is at symbol 11 are too few. Therefore the candidate starting positions for this option can be within the symbols {0, 4, 7, 9}. In order to ensure the decoding performance for PDCCH, it would be preferable to add CRS in the first symbol which carries PDCCH. For example, when the data burst starts at symbol #9, CRS can be added in symbol #9.This would also benefit the fine synchronization in the partial subframe. On the other hand, for EPDCCH transmission in the partial subframe, if EPDCCH starts at symbol #7, only two columns of DMRS in the second slot can be used for demodulation. However taking into account of current LTE design to support 7 symbols for EPDCCH transmission, four columns of DMRS are used for EPDCCH demodulation. For example, when EPDCCH is transmitted from the third symbol with TDD special subframe configuration 1 or 6, with 9 symbols for DwPTS transmission, 7 symbols will be used for EPDCCH transmission and two columns of DMRS can be applied for EPDCCH demodulation. Therefore for this option, the EPDCCH decoding performance might by impacted if EPDCCH starts at symbol #7 and needs to be further studied.
Proposal 3: the following two options can be considered to support partial subframe design if the partial subframe is scheduled independently of other subframes
· Reusing DwPTS design 
· Candidate starting positions can be within the symbols {0, 3, 5, 8}
· Shift the DwPTS pattern to the end of the partial subframe
· Reusing current subframe pattern with reduced symbols
· Candidate starting positions can be within the symbols {0, 4, 7, 9}
· CRS is preferable to be distributed within PDCCH resources if PDCCH is supported
In addition for the last partial subframe, if the candidate starting positions are restricted, the ending positions can be determined by the starting positions and data transmission duration which does not exceed the specified maximum channel occupancy time. Then eNB can choose the proper ending position to end the data transmission. For example, if the starting position is at symbol 2, the duration of the last partial subframe would be just 2 symbols assuming the maximum channel occupancy time is a multiple of 1ms and there is no channel reservation signal. In this case, the eNB should end the data transmission in the previous subframe boundary. On the other hand, if the ending position can support data transmission following DwPTS structure with at least 6 OFDM symbols, then eNB can also indicate to the UE the ending position so that UE can perform data decoding for the last partial subframe.
2.3 Impact of unexpected channel access time on data preparation
According to the above discussions, the candidate starting positions can be restricted to a few values so as to achieve more channel access opportunity and higher system spectral efficiency. Obviously this would impact DL data preparation (TBS and RE mapping) at eNB since the channel access time within the LBT cannot be known in advance. Therefore how to prepare data transmission at the eNB side should be studied.  One solution is that the eNB could prepare only one data version which corresponds to one normal subframe and then the data transmission will be punctured according to the actual transmission length. Obviously for this solution, the transmission robust and the potential EPDCCH transmission over the partial subframe will be impacted. Another solution is that the eNB can prepare multiple transmission data versions assuming different available resources before accessing the channel, and transmit the corresponding version after the channel is obtained. Certainly this will incur some additional complexity at eNB. Therefore the trade-off between the eNB implementation complexity and data transmission efficiency should be considered. 
In addition, currently data transmission of LTE carries the timing information of slot or symbol. For example，the scrambling sequence for PDSCH is specified as 
[image: image5.wmf]14139

2222

cell

initRNTIsID

cnqnN

=×+×+×+

êú

ëû

. However when eNB performs data preparation, it does not know whether the channel access can be successful on the subframe with the corresponding 
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. One solution is to drop this transmission if the corresponding subframe has no chance to access. However the impact of dropping packets should be considered. Since the data scrambling mainly provides the benefit to achieve inter-cell interference randomization, the benefit of this function will be weakened due to LBT for LAA. From this aspect deleting the element regarding the timing information in the scrambling sequence can also be considered. The alternative is that, since the maximum transmission duration over LAA is limited, e.g. 10ms, eNB could also determine scrambling sequence according to subframe index #m to subframe index #m+9, where m can be a predefined value, e.g. 0.  
Proposal 4: Delete the timing information (e.g. slot index) on data scrambling to mitigate the impact of unexpected channel access time on data preparation.
3 Conclusion

In this contribution, the candidate starting positions of partial subframe and corresponding RS pattern for LAA are discussed. According to the discussions, the following observation and proposals can be obtained. 
Observation 1: It is necessary to jointly consider the system spectral efficiency as well as the blind detection complexity/signalling overhead when restricting the starting positions of the partial subframe.
Proposal 1: (E)PDCCH/PDSCH transmission should not only be allowed to start from the first slot of the subframe to minimize the overhead.
Proposal 2: A partial subframe should be scheduled independently of other subframes.
Proposal 3: the following two options can be considered to support partial subframe design if the partial subframe is scheduled independently of other subframes
· Reusing DwPTS design 
· Candidate starting positions can be within the symbols {0, 3, 5, 8}
· Shift the DwPTS pattern to the end of the partial subframe
· Reusing current subframe pattern with reduced symbols
· Candidate starting positions can be within the symbols {0, 4, 7, 9}
· CRS is preferable to be distributed within PDCCH resources if PDCCH is supported
Proposal 4: Delete the timing information (e.g. slot index) on data scrambling to mitigate the impact of unexpected channel access time on data preparation.
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