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1 Introduction

In RAN1 #89, the followings were agreed for multiple starting and ending positions in a subframe for UL.
Agreement:

· UL partial subframe transmission starting at symbol #7 is supported with both following modes  Mode 1 and Mode 2

· Mode 1. The UE may start at a Rel-14 starting point or at symbol #7 depending on e.g. the outcome of LBT

· The TBS is determined as for the full subframe regardless of the starting point (i.e. no TBS scaling)

· FFS: channel access within shared COT

· FFS: how to indicate to which UL subframes this applies

· FFS: UCI mapping, if supported
· Mode 2. The UL grant indicates starting position at number #7

· FFS: additional starting points between symbols #7 and #8 

· The TB(s) is rate matched into the second slot

· TBS Scaling is used similarly as in FS2

· FFS: TBS scaling details  

· FFS: UCI mapping, if supported
Agreement:

For Mode 1:

· When transmission starts at symbol #7, the first slot of a subframe is punctured
· FFS: new MCS table and when that would be applicable
Agreement:
· UL partial subframe transmission ending in the end of symbol #6 is supported (in addition to #12 and #13 already supported)
· FFS: #3 and #10 
· The ending position is indicated with the UL grant

· The TB(s) is rate matched into the allocated symbols

· TBS Scaling is used similarly as in FS2

· FFS: TBS scaling details  

· FFS: UCI mapping, if supported

· FFS: whether the starting symbols is always #0 or as in Rel-14

· SRS transmission is not supported in these cases

This contribution considers remaining aspects of multiple starting and ending positions in a subframe for UL on SCell with Frame structure type 3.
2 Discussion
For reduced signaling overhead and more efficient channel occupancy, further enhancements to efficiency of the LTE design for unlicensed spectrum has been discussed to support multiple starting and ending position for uplink transmission and agreed to support UL partial subframe transmission starting at symbol #7 and UL partial subframe transmission ending in the end of symbol #6. In this section, remaining aspects of multiple starting and ending positions for uplink are discussed.

2.1 Multiple starting and ending positions
There are two different modes to support UL partial subframe transmission starting at symbol #7. The mode 1 is to allow UE to transmit PUSCH at symbol #7 if LBT is not successful before the starting position indicated by UL grant. When PUSCH transmission starts at symbol #7, the first slot of a subframe is punctured in this mode. Therefore, the UE can have at least one more opportunities to access the channel so that the uplink performance of the UE can be improved compared with Rel-14 eLAA UE. In addition to the mode 1, the mode 2 is that the UL grant indicates starting position at symbol #7 explicitly so that DL ending subframe can be more flexibly utilized.
Channel access procedure for partial UL subframe
Then, it is questionable which types of channel access procedures should be applied for PUSCH transmission starting at symbol #7 especially for mode 1. Note that it is quite straightforward that the UE should use channel access procedure indicated in an UL grant for UL partial subframe in mode 2. It is also noted that if an UL grant scheduling a PUSCH transmission indicates Type 1 channel access procedure and the PUSCH transmission is outside of MCOT, the UE should use Type 1 channel access procedure for the PUSCH transmission regardless of starting position.
Typically, type 2 channel access procedure is applied when an UL transmission is within the MCOT shared by eNB. In this case, the UE may use channel access Type 2 for transmissions in subframes within the MCOT. Therefore, the UE can use Type 2 channel access procedure for the PUSCH transmission starting at symbol #7 if the end of transmission occurs in or before the MCOT.
Proposal 1: Type 2 channel access procedure is applied for mode 1 and mode 2 if the PUSCH transmission is within the MCOT shared by eNB regardless of its starting positions.

UCI transmission in UL partial subframe
For mode 1, it was agreed that when transmission starts at symbol #7, the first slot of a subframe is punctured, which will result in the increased code rate. Therefore, it is expected that performance of PUSCH transmission may be further degraded if additional symbols are used for UCI transmission. In addition, current LTE specification, when UCI is transmitted with PUSCH in a subframe, HARQ-ACK and RI information are located at the around of two DMRS symbols in the subframe. Therefore, if UCI transmission is supported with the PUSCH transmission starting at symbol #7, additional specification efforts are required. Considering these aspects, it is preferred that UCI is not transmitted with the PUSCH transmission starts at symbol #7.
Proposal 2: UCI is not transmitted in UL partial subframe.

Additional starting points for Mode 2

In addition to starting position at symbol #7, it is FFS whether additional starting points between symbol #7 and #8 are introduced similar to the starting points between symbol #0 and #1 in Rel-14. The main motivation to introduce additional starting points between symbol #0 and #1 was to utilize UL subframe when it follows DL full subframe. In case that DL full subframe or DL subframe ending in the end of symbol #6 is followed by UL partial subframe transmission starting at symbol #7, there is at least one symbol gap to accommodate LBT gap and TA. Therefore, there is no strong motivation to introduce additional starting points between symbol #7 and #8.

Proposal 3: Additional starting points between symbol #7 and #8 are not supported.

TBS scaling for Mode 2
In Rel-14, PUSCH transmission in UpPTS was introduced in the WI for uplink capacity enhancement. Especially, a new special subframe configuration 10 with 6 symbols in DwPTS and 6 symbols in UpPTS was introduced. The number of data symbols for PUSCH in UpPTS is configured per carrier for a given UE by RRC. The available number of data symbols for PUSCH in UpPTS is 2, 3, 4, 5, and 6 in case of normal CP, and its corresponding PRB scaling factor for TBS selection was also specified. For UL partial subframe, therefore, the PRB scaling factor for PUSCH in UpPTS with 6 symbol (i.e., 0.375) can be a starting point.
Proposal 4: The PRB scaling factor (i.e., 0.375) introduced in Rel-14 UL capacity enhancement WI can be considered as a baseline
Other enhancements
In Rel-14, UL duration and UL offset are indicated by common PDCCH. The UL burst duration is the number of consecutive UL subframes belonging to the same channel occupancy with the DL transmissions. The UL offset is the number of subframes to the start of indicated UL burst from the start of the subframe carrying the common PDCCH. In subframes of the UL duration, the UE is not required to receive any downlink physical channels and/or physical signals. In addition, the indicated channel access type for PUSCH can be switched (e.g. from channel access Type 1 to the type 2) if the scheduled subframes for PUSCH are belonging to UL duration. Therefore, if multiple starting/ending positions and PUSCH transmission with shortened TTI are introduced for LAA uplink transmission, the ‘UL duration and offset’ field may need to be enhanced to indicate it with a finer granularity.
Proposal 5: Further studies are required how to indicate ‘UL duration and UL offset’ to a UE when multiple starting/ending positions are configured for uplink transmission
3 Conclusions 

This contribution considers aspects to support multiple starting and ending positions in a subframe for UL on SCell with Frame structure type 3 and proposes the following based on the discussion.

Proposal 1: Type 2 channel access procedure is applied for mode 1 and mode 2 if the PUSCH transmission is within the MCOT shared by eNB regardless of its starting positions.

Proposal 2: UCI is not transmitted in UL partial subframe.

Proposal 3: Additional starting points between symbol #7 and #8 are not supported.

Proposal 4: The PRB scaling factor (i.e., 0.375) introduced in Rel-14 UL capacity enhancement WI can be considered as a baseline
Proposal 5: Further studies are required how to indicate ‘UL duration and UL offset’ to a UE when multiple starting/ending positions are configured for uplink transmission
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