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1 Introduction

In RAN #75, the new work item on enhancements to LTE operation in unlicensed spectrum was approved with following objectives [1].
· 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 RAN1#88bis, the following was agreed for multiple UL starting and ending position.

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 

This contribution considers aspects of supporting 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. In this section, potential candidate starting and ending positions for uplink are discussed.
For uplink channel access, generally at least a certain time duration (e.g. 25µs) before transmitting the scheduled PUSCH should be reserved (i.e. empty). In legacy LTE, the uplink control and data transmission can be started from the subframe boundary. Therefore, unnecessary waste of resource (e.g. one subframe) and also degradation of uplink LAA performance are unavoidable unless additional starting positions are supported. Therefore, in Rel-14, multiple PUSCH starting positions (e.g. symbol #0, 25µs in symbol #0, (25+TA)µs in symbol #0, and symbol #1) were introduced to enable uplink channel access procedure in the scheduled subframe. In addition, additional PUSCH ending position (e.g. symbol #12) was also introduced for downlink transmission starting from the subframe boundary. Note that one of PUSCH starting and ending positions for the scheduled PUSCH is indicated by UL grant. 

For a subframe n where downlink transmission is finished before the end of subframe (e.g. X symbols), according to current specification, eNB/UE is not able to utilize the remaining symbols in the subframe for downlink/uplink. It is because that if the UE is indicated that the first X symbols are occupied in a subframe n as in Figure 1, then the UE assumes that the other symbols in the subframe are not occupied. The remaining symbols can be used for uplink channel access procedure (e.g. channel access procedure Type 1) for uplink transmission in subframe n+1. In this case, a reservation signal may need to be transmitted by the UE to hold the channel until the subframe n+1 boundary which should be avoided for fair coexistence with other nodes. Therefore, either allowing new downlink transmission (e.g. starting partial subframe) or uplink transmission on the remaining symbols in the subframe n is required to increase efficiency of LAA for unlicensed spectrum. For allowing a new downlink partial transmission in subframe n, additional specification efforts as well as increased eNB/UE complexity are expected such as HARQ process ID management, channel estimation, blind detection etc.
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Figure 1 Under-utilized unlicensed spectrum
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 in case of normal CP. The structure of PUSCH in UpPTS (e.g. TBS selection, DMRS, etc) was already specified in Rel-14, the additional specification efforts to support PUSCH transmission with less than 12 symbols are expected to be marginal. 

Proposal 1: Multiple starting/ending positions for LAA uplink transmission should be designed based on the outcome of PUSCH transmission in UpPTS in Rel-14
If additional starting positions for uplink transmission are introduced, it should not be adapted according to the LBT outcome because it would increase not only UE complexity to prepare multiple PUSCHs for potential starting positions, but also eNB complexity to detect PUSCH with multiple hypotheses. At least for UE, puncturing of PUSCH to adapt the starting position can be considered. However, the performance of punctured PUSCH should be carefully investigated.
Proposal 2: If multiple starting positions for LAA uplink transmission are introduced, it should be fixed regardless of the LBT outcome
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. For example, the ‘UL duration and offset’ field may be able to configure ‘UL offset’ and ‘UL duration’ considering multiple starting/ending positions.
Proposal 3: Further studies are required how to indicate ‘UL duration and UL offset’ to a UE if multiple starting/ending positions are supported for LAA 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: Multiple starting/ending positions for LAA uplink transmission should be designed based on the outcome of PUSCH transmission in UpPTS in Rel-14

Proposal 2: If multiple starting positions for LAA uplink transmission are introduced, it should be fixed regardless of the LBT outcome
Proposal 3: Further studies are required how to indicate ‘UL duration and UL offset’ to UE if multiple starting/ending positions are supported for LAA uplink transmission
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