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1 Introduction
In RAN#69, it was approved to introduce LAA into a LTE system as new WI in Rel-13 [1]. According to the following objective in LAA WID, the discontinuous transmission will be specified to make the time permitted to transmit data at any time. 
· Discontinuous transmission with limited maximum transmission duration (RAN1, RAN4)
During LAA SI phase, there have been several agreements related to a support of the discontinuous transmission for example shown in below:
Agreements:
· At least the following options are identified as possible candidates for PDSCH transmission in a DL subframe on a LAA SCell
· Option 1: A DL transport block is only transmitted on a subset or all of the OFDM symbols in the DL subframe
· 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
· 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
· Note: This does not preclude the possibility of using different options for different subframes
· Capture the above contents in the TR

In this contribution, the design to support LAA with discontinuous transmission in a partial subframe is discussed. 
2 Discussion
It has required an opportunistic channel access mechanism for co-channel coexistence among different RATs (e.g. WiFi) or multiple nodes under a same RAT operating in unlicensed spectrum. The opportunistic channel access mechanism such as LBT allows the DL transmission bursts start at any time instance which may not be aligned with the subframe boundary of a licensed cell. So, in last RAN1 meeting, it was agreed to support the DL transmission on a partial subframe with variable design options on how this partial subframe will be used for PDSCH or DRS or something else in DL transmission burst.
The further issues regarding the support of DL discontinuous transmission can discuss the following
· Indication of starting and ending position for discontinuous transmission

· PDSCH TTI in a partial subframe
Moreover, further design aspects due to DL discontinuous transmission will be also addressed such as CSI/RRM measurement [2].
2.1 Starting and Ending position for DL discontinuous transmission
Depending on the initial signal is introduced for LAA or not, it would be determined that UE can detect the presence of DL transmission burst and accordingly, recognize the start point of PDSCH. It will less UE detection complexity than without initial signal. However, in terms of eNB complexity, it will cause potential ambiguity problem of TB size on MAC-PHY interface due to random property of channel access time in a subframe. Therefore, the limited number of starting symbols need to be considered because the limited number of starting symbols (e.g. 2, 3 or 4) for PDSCH/(E)PDCCH in a partial subframe can lead to less complexity for both eNB and UE, than allowing any OFDM symbols in a partial subframe. It would be good compromised way in terms of spectral efficiency by using DL resources in a partial subframe as much as possible, compared to the subframe boundary only as a starting point. 
Assuming restricting of starting points in a partial subframe, further details can be discussed as followings:

· How many start/end symbols needs to be defined

· Considering eNB/UE implementation impacts and spectral efficiency, it can be selected among 2, 3 or 4. 

· What OFDM symbol indices in a partial subframe can be candidates of starting point.
· Since partial TTI in a subframe seems be not new TTI for PDSCH/(E)PDCCH considering "DwPTS" in TDD for DL transmission, we can reuse the design of many parts from DwPTS for this issue, in order to less specification impacts and implementation efforts. Considering the number of OFDM symbols (e.g. 6/9/10/11/12) for DwPTS, the candidates of starting point can be decided with information about the number of candidate symbols in a partial subframe. The following Table 1 is one of example.
Table 1: Example of candidate OFDM symbol indices for DL transmission in a partial subframe
	Number of candidate OFDM symbol indices
	OFDM symbol indices

	2
	3, 8

	3
	3, 8, 11

	4
	3, 5, 8, 11


· Whether the number of candidate starting points and candidate OFDM symbol indices are independently considered for DL LTE channels (e.g. PDSCH, EPDCCH).
· Depending on PDSCH TTI discussion, it can be differently defined if necessary. The corresponding discuss will be address in next section.
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Figure 1: Example of restricted starting/ending points for DL transmission
For the indication of starting and ending points in DL transmission burst to the UE, following alternatives has been discussed. 
Starting position

· Alt 1. Blind detection by the UE

· Alt 2. Explicit signaling e.g. initial signal or (E)PDCCH
· Alt 3. Hybrid Alt 1 and Alt 2

In Alt 1, just simply leaving it by the UE blind detection will result in the large amount of uncertain UE behaviors and accordingly remove the benefits from the UE power consumption to monitor (E)PDCCH, fine synchronization, CRS-based CSI measurement and so on. In that perspective we think Alt 1 is not promised solution and thus the DL transmission burst needs to be indicated to the UEs. One option (Alt 2) is to rely on the initial signal or (E)PDCCH (fixed allocation) that can lead to less UE complexity to know at least the starting position of the DL transmission burst. The other option (Alt 3) is to indicate the potential start subframe and blindly detect the start position. 
Obviously, it seems that both Alt 2 and Alt 3 can be beneficial than Alt 1, in terms of less UE complexity and increased certainty. From this aspect, it would be preferable to explicitly make UE know the starting position of the DL transmission burst.

Ending position

· Alt 1. Indicate the end position before the end of DL transmission burst 

· Alt 2. Indicate the duration of the DL transmission burst
· Alt 3. No indication of the end position or duration of the DL transmission burst
Alt 1 is to signal the exact end position e.g. by DCI format on either licensed carrier or unlicensed carrier before the end of DL transmission burst, while Alt 2 is to indicate the duration of the DL transmission burst instead of the exact OFDM symbol position for end position. However, Alt 3 does not require addition indication of the end position or duration of the DL transmission burst and accordingly the UE assumes the DL transmission burst ends is corresponding to the maximum transmission duration. In this case, the UE has to know exact start symbol position to determine the end position in the DL transmission burst. Note that the DL transmission burst assumed by the UE from all three alternatives shall be within the maximum transmission duration.   

For the three alternative, it is desirable that the UE can ensure the exact knowledge of the DL transmission burst as much as possible, in order to acquire better RRM/CSI measurement, find synchronization (CRS based), better demodulation performance (CRS based) and so on. In addition, less signalling overhead will be preferable as much as possible for better resource utilization. In that sense, it would be better to send the common signalling e.g. common DCI or no indication with the maximum transmission duration.
According to the above discussion, the following proposals are obtained. 
Proposal 1: For discontinuous transmission in LAA, the followings proposal shall be considered:
· The number of candidate OFDM symbols is selected among {2, 3, 4}
· The starting OFDM symbol indices for PDSCH/EPDCCH in a partial subframe can be derived from current DwPTS design in TDD
· The indication scheme is preferable to make UE ensure the DL transmission burst duration indicated by eNB or pre-determined value and lead to less UE complexity for detecting the starting and ending position in a partial subframe
2.2 Considerations for PDSCH TTI
In RAN1#81, we have agreed that at least the following three options are identified as possible candidates for PDSCH transmission in a DL subframe on a LAA SCell:
· Option 1 is to transmit a DL TB on a subset or all of the OFDM symbols in the DL subframe
· Option 2 is to transmit a DL TB on a subset of the OFDM symbols in the DL subframe and  all OFDM symbols in the next or the previous subframe
· Option 3 is to transmit a DL TB 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
In option 1, the principle to transmit a PDSCH by the individual scheduling can be maintained in a partial subframe while if the super TTI (option 2) is supported, several design issues needs to be further investigated, such as TBS design, HARQ retransmission, eNB scheduling complexity (data scheduling preparation)/UE processing, DL HARQ-ACK timing and UCI feedback. At this time, we think to adopt the option 2 is somewhat challengeable considering the uncertain performance benefits, the specification impacts as well as the limited meeting time in RAN1. 
For the option 3, it has been proposed in [3] that the DL transmission can occur at any OFDM symbols in a partial subframe after eNB immediately occupy the channel, and the TTI length for PDSCH transmission is 1ms as a fixed TTI length. Meanwhile, the subframe boundary of the LAA SCell is aligned with subject to allowed timing difference due to MTA. In addition, RE mapping of RSs and PDCCH region is same as a regular subframe on a licensed cell (e.g. PCell) and DL HARQ timing is dependent on the subframe that contains the last OFDM symbol allocating PDSCH transmission.
One advantage from option 3 is that eNB can always prepare one version of DL scheduling and thus, it would provide less eNB complexity/implementation impacts than other options. It may also provide better spectral efficiency. However, the following issues such as UE buffering, new design for channel estimation block for demodulation, PDCCH region splitting, DMRS/CSI-RS REs splitting subjected to LBT result, blind detection of EPDCCH and so on shall be further investigated. 
Proposal 2: Support either independent data scheduling in a partial subframe or data scheduling with fixed TTI (e.g. 1ms) considering both the partial subframe and the next or the previous subframe if necessary.
3 Conclusion

In this contribution, we discussed potential issues and solutions for the channel access schemes. The above discussion is summarized with the following proposals:
Proposal 1: For discontinuous transmission in LAA, the followings proposal shall be considered:

· The number of candidate OFDM symbols is selected among {2, 3, 4}

· The starting OFDM symbol indices for PDSCH/EPDCCH in a partial subframe can be derived from current DwPTS design in TDD

· The indication scheme is preferable to make UE ensure the DL transmission burst duration indicated by eNB signaling or pre-determined value, and lead to less UE complexity for detecting the starting and ending position in a partial subframe

Proposal 2: Support either independent data scheduling in a partial subframe or data scheduling with fixed TTI (e.g. 1ms) considering both the partial subframe and the next or the previous subframe if necessary.
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