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1. Introduction

In RAN1#88bis meeting [1], the following agreements were made related with UL partial subframe for LAA.

	Agreement:

· At least one additional UL ending point is introduced
· The ending point is indicated with a UL grant allocating the resources for the subframe
Agreement:

· At least one additional UL starting point is introduced
· FFS: details, including whether the starting point is indicated with an UL grant or not


In this contribution, we provide our detailed 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
In detail, we propose to support 2nd slot boundary as additional UL starting position, considering UE implementation complexity to cope with LBT failure and sudden change of UL starting position. Also, we propose to configure whether the UE can start UL transmission from 2nd slot boundary or not by higher layer signalling. In other words, if the network configures by higher layer signalling for a UE to be able to transmit 1-slot PUSCH, the UE can continue channel access procedure to begin UL transmission from 2nd slot boundary (regardless of the indicated starting position) even though the UE fails to access the channel at the position indicated by UL grant.

In this case, we may need to figure out how eNB can know the actual starting position. It may be resolved by differentiating DM-RS sequence according to starting position. In addition, we should consider simple UL-SCH mapping method when UL-SCH starts from 2nd slot boundary. For instance, UE can perform puncturing (or rate-matching) with scheduled TBS maintained and to keep reasonable code rate, differentiation between initial transmission and re-transmission and/or layer remapping for 2 TB case can be considered.

Proposal#1: Support 2nd slot boundary as additional UL starting position.

Proposal#2: Applicability of UL starting position of 2nd slot boundary is configured by higher layer signalling. If configured, UE can start UL transmission from 2nd slot boundary regardless of the starting position indicated by UL grant.

In addition to the 1-slot PUSCH transmission configured by higher layer signalling, we may consider to support 1-slot PUSCH transmission by UL grant. After DwPTS or UL ending partial subframe (if supported) shorter than 1 slot duration, eNB may have the scheduling flexibility to indicate 1-slot PUSCH transmission. In case that 1-slot ending partial subframe is introduced, Rel-14 PUSCH starting position indication field can be reused to signal starting positions offset from 2nd slot boundary (e.g., symbol 7 + 25 usec or symbol 7 + 25 usec + TA).
Proposal#3: Consider to indicate 2nd slot boundary as PUSCH starting position by UL grant.
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 addition to them, we propose to support ending boundary of symbol 6 and/or ending boundary of symbol 5 as additional ending positions. UL 7-symbol ending partial subframe would be useful to fully occupy MCOT if eNB and UE share channel occupancy and DL initial partial subframe contains 7 symbols. UL 6-symbol ending partial subframe seems beneficial to make a LBT gap for the upcoming 1-slot DL or UL initial partial subframe.

If we allow UL 7-symbol and/or 6-symbol ending partial subframe, we may need to consider SRS transmission and aperiodic CSI piggyback methods (even for the starting partial subframe case). In addition, common PDCCH signalling method needs to be discussed since current common PDCCH indicates UL burst by subframe level such that UE does not need to monitor DCI during indicated subframes.
Proposal#4: Support ending boundary of symbol 6 and/or ending boundary of symbol 5 as additional UL ending positions, considering SRS transmission, aperiodic CSI piggyback method, and common PDCCH indicating UL burst.
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: Support 2nd slot boundary as additional UL starting position.

Proposal#2: Applicability of UL starting position of 2nd slot boundary is configured by higher layer signalling. If configured, UE can start UL transmission from 2nd slot boundary regardless of the starting position indicated by UL grant.

Proposal#3: Consider to indicate 2nd slot boundary as PUSCH starting position by UL grant.

Proposal#4: Support ending boundary of symbol 6 and/or ending boundary of symbol 5 as additional UL ending positions, considering SRS transmission, aperiodic CSI piggyback method, and common PDCCH indicating UL burst.
4. Reference

[1] RAN1#88bis Chairman’s note
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