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1. Introduction

In RAN#75 meeting [1], the proposal for enhancing Rel-13 and Rel-14 licensed-assisted access (LAA) operation was approved as Rel-15 LTE work item. According to the work item description document [2], the scope to be discussed in RAN1#88bis is as follows:
· Specify support for multiple starting and ending positions in a subframe for UL and DL on SCell with Frame structure type 3.

In this contribution, we provide our views on multiple starting and ending positions in a UL subframe for LAA.
2. Discussion
In order to support more starting or ending positions in a UL subframe than positions allowed in Rel-14 eLAA, we should consider at least followings.
· UL throughput enhancement

· Backward compatibility or coexistence with Rel-14 eLAA

· UE implementation complexity

· How to indicate and recognize starting or ending positions in a UL subframe at eNB side

Based on those aspects, we propose more details on UL initial and ending partial subframes in Section 2.1 and 2.2, respectively.
2.1. Starting positions in a UL subframe

It is noted that following four starting positions in a UL subframe are allowed in Rel-14 eLAA and one of four positions is indicated via UL grant.
· Symbol 0 boundary

· Symbol 0 boundary + 25 usec

· Symbol 0 boundary + 25 usec + TA (timing advance)

· Symbol 1 boundary

If the Rel-14 UE cannot access the channel from the indicated starting position due to LBT failure, the UE has to drop the whole UL subframe. It seems obvious that the channel access probability increases as the allowed number of starting positions increases. For instance, as shown in Fig. 1, even though the UE fails to grab the channel from the position (e.g., symbol 0 boundary) indicated by UL grant, UE can continue LBT procedure and begin UL transmission from another starting position (e.g., 2nd slot boundary).
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Figure 1. Example of UL transmission
However, in case that the actual starting position of UL transmission can be different depending on LBT result, we should figure out how eNB can know the actual starting position. It may be resolved by differentiating DM-RS sequence according to starting position or sending information on starting position with the similar way to UCI piggybacking. In addition, considering UE complexity, we may need to restrict candidates of starting positions (e.g., 2nd slot boundary) and consider simple UE operation such that UL-SCH mapping method is sustained regardless of starting position of UL transmission (e.g., puncturing).

Proposal #1: Discuss how eNB can recognize the starting position of UL transmission if the starting position can be changed based on LBT result.
Proposal #2: Consider limitation of starting positions in addition to 4 candidates allowed for Rel-14 eLAA and UL-SCH mapping method depending on starting positions.

2.2. Ending positions in a UL subframe

According to Rel-14 eLAA, two ending positions (i.e., ending boundary of subframe and ending boundary of symbol 12) are allowed and UL grant indicates whether the last symbol is blanked or not. In our view, although it is allowed that the starting position of a UL transmission can be changed based on LBT result, the ending position of the UL transmission should not be changed depending on the actual starting position. This is because LBT gap and LBT priority class are configured by eNB in advance. Therefore, the ending position in a UL subframe has to be signalled via UL grant.

In addition, if we allow that a slot can be smaller than 6 symbols in ending partial subframe, we may need to change DM-RS location to improve channel estimation performance and consider UCI piggybacking method (e.g., RI mapping).
Proposal #3: The ending position in a UL subframe is signalled by UL grant.
Proposal #4: Consider DM-RS location and UCI piggybacking method for UL ending partial subframe.
3. Conclusion
In this contribution, we provided our views on multiple starting and ending positions in a UL subframe for LAA, and proposals are as follows.
Proposal #1: Discuss how eNB can recognize the starting position of UL transmission if the starting position can be changed based on LBT result.

Proposal #2: Consider limitation of starting positions in addition to 4 candidates allowed for Rel-14 eLAA and UL-SCH mapping method depending on starting positions.

Proposal #3: The ending position in a UL subframe is signalled by UL grant.
Proposal #4: Consider DM-RS location and UCI piggybacking method for UL ending partial subframe.
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