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1 Introduction
In TSG RAN #75 meeting, the work item on enhancements to LTE in unlicensed spectrum was approved [1]. The objectives of this work item include: 
· Specify support for multiple starting and ending positions in a subframe for UL and DL on SCell with Frame structure type 3. [RAN1, RAN2, RAN4]
· (Starting in RAN1#90): Study, and specify if needed, support for autonomous uplink access with Frame Structure type 3 considering solutions from the L2 latency reduction work item [RAN1, RAN2, RAN4]
· The work item should also specify base station and UE core requirements to support the above features [RAN4]
In this contribution, we discuss the motivation for introducing multiple starting and ending positions within one subframe based on eLAA UL transmission, and analyze the candidate solutions for achieving multiple starting and ending positions.
2 Motivation for introducing multiple starting and ending positions in UL
Although the channel access opportunity for UL transmission in eLAA has been largely improved by allowing MCOT sharing and 2-stage scheduling, there is only one candidate starting position per UL subframe so that in case of LBT failure, the UE has to wait till the next scheduled SF instead of accessing the channel as soon as the channel is idle. Introducing multiple starting positions within one UL subframe could relax such restriction and provide increased channel access opportunities. In addition, considering that the end of the DL transmission may occupy only partial subframe (i.e. DL end partial subframe), the remaining partial subframe could be scheduled as UL transmission so that the UL transmission could immediately follow the DL transmission. Hence the gap between the DL end and the UL start would be reduced and the efficiency of channel utilization would be improved.
As the multiple DL and UL start positions could be supported, multiple ending positions could also be introduced to fully utilize the DL MCOT. E.g., for 8ms DL MCOT, if the DL burst is 4.5ms with 0.5ms initial partial subframe, the UL burst could be scheduled as 3.5ms with 0.5ms end partial subframe, where the remaining 0.5ms could be used for LBT of the next DL transmission.
3 Candidate solutions

Two alternatives can be considered for supporting multiple starting positions.
Alt.1: UL partial subframe
For a scheduled UL subframe, if the UE fails LBT at the subframe boundary, it may switch to transmit UL partial subframe by continuing LBT attempt at the next candidate starting position. The processing time for UL partial subframe could remain the same as a full subframe, i.e. 4ms HARQ delay.
Similar to DL, the physical layer packet for UL is prepared in a pipeline manner according to the current implementation. After the LBT failure for symbol #0, the UE could drop the 1ms packet and regenerate the packet for the UL partial subframe and perform the LBT before the start of partial subframe. Given that there is around 0.5ms physical layer processing delay for UE to regenerate the partial subframe, the next earliest candidate starting position is symbol #7. Thus starting positions of symbol #0 and #7 could be proper for this alternative, while specifying denser starting positions imposes critical increase of UE processing capability.
If the candidate starting positions are defined as #0/#7, the eNB could differentiate the exact starting position by detecting UL DMRS. The UL DMRS positions for legacy LTE could be reused. DMRS on symbol #3 implies full subframe; no DMRS on symbol #3 and DMRS on symbol #10 implies partial subframe. If additional candidate starting positions within one subframe are introduced besides #0/#7, different DMRS positions for different starting positions may need to be specified so that it is feasible for the eNB to recognize the starting position.

MAC layer processing delay for re-packeting is much longer than 0.5ms, thus the TBS for UL has to keep unchanged when switching from 1ms subframe to partial subframe. This would harm the reliability of the partial subframe as the MCS may need to be adjusted to a more aggressive value, e.g., a higher coding rate may lead to eNB decoding failure. For DL initial partial subframe, it is feasible for the eNB to prepare the first subframe by always using a conservative TBS to alleviate this issue. As a comparison, it is more difficult to resolve the issue for UL because the TBS was scheduled by the eNB and the eNB cannot predict which UL subframe is the first subframe accessing the channel.
Observation 1: In case the UE switches 1ms subframe to partial subframe, the reliability of the partial subframe would be degraded as the TBS is kept unchanged.
Proposal 1: Introducing UL partial subframe can be considered to increase UL starting and ending positions. The eNB could differentiate the starting positions by DMRS detection.

· If the starting positions are #0/#7, the eNB blind detects the legacy UL DMRS.

· If the starting positions are more than #0/#7, more DMRS positions need to be introduced for eNB blind detection.
· This case imposes increased UE processing capability to generate multiple PHY packets for different starting positions.
Alt.2: UL short TTI

In RAN #72 meeting, the work item for latency reduction was approved [2], including specifying shortened TTI operation and reduced processing time. It is intuitive to introduce sTTI to unlicensed spectrum to achieve multiple starting positions and ending positions. For UL transmission, both 7OS sTTI pattern and 2OS sTTI pattern could be supported for sPUSCH transmission. 
Compared with Alt.1, Alt.2 leads to increased scheduling overhead as larger number of sTTIs are included in a UL burst and therefore more UL grants are required for scheduling this UL burst. On the other hand, the scheduling delay of sPUSCH could be reduced to e.g., around 2ms (7OS pattern) or around 1ms (2OS pattern), thus the gap between DL burst and scheduled UL burst could be shortened in contrast with legacy 4ms scheduling delay. Reducing the DL-UL gap could lower the risk of the channel access by other contention nodes during this gap and thereby achieving efficient channel utilization. For Alt.1, although two-stage scheduling could also reduce such gap, it is less flexible than sTTI for UL scheduling as the UL grant for two-stage scheduling may need to be sent much earlier. 
Moreover, by introducing UL sTTI for unlicensed spectrum, UL performance gain including latency reduction and UPT improvement can be achieved, which is similar to the benefits of introducing sTTI for licensed spectrum.
Observation 2: Compared to Alt.1, introducing sTTI on unlicensed band could achieve more efficient channel utilization. In addition, UL performance gain including latency reduction and UPT improvement can be obtained as for the licensed band.
· 7OS pattern
7OS sTTI follows the legacy LTE frame structure of one slot. Hence the candidate starting positions could be symbol #0 and #7 by introducing 7OS sTTI pattern.
· 2OS pattern
Based on the agreement in RAN1 #88 meeting [3], the 2OS sTTI pattern was selected to be [3, 2, 2, 2, 2, 3]. Hence six candidate starting positions could be introduced at symbol #0/ #3/ #5/ #7/ #9/ #11. 
As compared to 7OS pattern and UL partial subframe, more candidate starting positions within per subframe can be achieved by 2OS sTTI pattern, which means potentially increased channel access opportunities. In addition, the DL-UL gap could be further reduced to achieve more efficient channel utilization. The cost is the scheduling overhead is further increased compared with 7OS sTTI.
Shared DMRS for multiple sTTIs of per UE could be supported by latency reduction on licensed spectrum to reduce pilot cost. E.g., the DMRS could be carried only on the 1st TTI of one slot while the subsequent sTTIs carry data only, where the data could be decoded by using the DMRS on the 1st TTI. For unlicensed spectrum, however, LBT failure for the sTTI carrying DMRS may lead to decoding failure for subsequent sTTIs which access the channel but carry data only. To resolve this issue, the eNB can schedule with denser DMRS within per subframe, or the UE can be allowed to postpone the DMRS to the 1st sTTI that accesses the channel, which although may not be scheduled to carry DMRS.
Observation 3: Compared to 7OS sTTI pattern, denser candidate starting positions and further reduced DL-UL gap can be achieved by 2OS sTTI pattern, but the risk of failing to access the DMRS sTTI under shared DMRS should be considered.
Similar to multiple UL starting positions, the above two alternatives can also be considered for supporting multiple UL end positions.
Proposal 2: Introducing short TTI with 2OS pattern or 7OS pattern could be considered to increase UL starting and ending positions. For 2OS pattern, the issue of failing to access the channel for DMRS sTTI under shared DMRS case should be studied.
4 Conclusions
In this contribution, we discussed the motivation for introducing multiple starting and ending positions within one subframe based on eLAA UL transmission. In addition, the candidate solutions were analyzed and compared. Based on the discussions, we have the following observations and proposals:
Observation 1: In case the UE switches 1ms subframe to partial subframe, the reliability of the partial subframe would be degraded as the TBS is kept unchanged.
Proposal 1: Introducing UL partial subframe can be considered to increase UL starting and ending positions. The eNB could differentiate the starting positions by DMRS detection.

· If the starting positions are #0/#7, the eNB blind detects the legacy UL DMRS.

· If the starting positions are more than #0/#7, more DMRS positions need to be introduced for eNB blind detection.

· This case imposes increased UE processing capability to generate multiple PHY packets for different starting positions.
Observation 2: Compared to Alt.1, introducing sTTI on unlicensed band could achieve more efficient channel utilization. In addition, UL performance gain including latency reduction and UPT improvement can be obtained as for the licensed band.
Observation 3: Compared to 7OS sTTI pattern, denser candidate starting positions and further reduced DL-UL gap can be achieved by 2OS sTTI pattern, but the risk of failing to access the DMRS sTTI under shared DMRS should be considered.

Proposal 2: Introducing short TTI with 2OS pattern or 7OS pattern could be considered to increase UL starting and ending positions. For 2OS pattern, the issue of failing to access the channel for DMRS sTTI under shared DMRS case should be studied.
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