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1 Introduction
In RAN#70, a new work item on enhanced LAA was approved with following objectives:
· UL carrier aggregation for LAA SCell(s) (with one or more UL carriers in unlicensed band) using Frame Structure type 3 [RAN1, RAN2, RAN4]

· The channel access mechanism shall use the decisions made in RAN1 during Rel-13 as a starting point

· Specify support for PUSCH and SRS

· Support both self-scheduling and cross-carrier scheduling from licensed spectrum.

· If needed, specify support for PUCCH [RAN1]

· If needed, specify support for PRACH [RAN1]
In this contribution, we share our views on PUSCH transmission on LAA carrier. 
2 Discussion
For downlink transmission, channel access is performed by an eNB before the transmission of a DL burst. To support PUSCH transmission on LAA carrier, the following issues should be considered:

· Whether an UE can transmit PUSCH which follows a DL burst without LBT?
As shown in Figure 1, after LBT, the sensing result of the eNB A is that the channel is idle, and a DL burst is transmitted in Cell A. However, since the UE 1 can receive the interference from the Cell B, from the UE 1 point, the PUSCH following with the DL burst cannot be transmitted if the UE performs LBT. On the other hand, if the UE 1 does not perform LBT and transmits the PUSCH following with the DL burst, the DL transmission from the eNB B to the UE 2 may be severely impacted by the UL transmission from the UE 1.
Observation 1: The LBT result sensed by the eNB may be not appropriate for UEs to transmit PUSCH even following with a DL burst transmitted from the eNB.
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Figure 1: LBT for PUSCH following with a DL burst
· In an UL burst, an UE is scheduled to transmission PUSCHs in discontinuous subframes. Whether the UE should perform LBT before each PUSCH?
One example is shown in Figure 2, the UE 1 is scheduled to transmit PUSCH in the first and the fourth subframe in an UL burst. The UE 3 is scheduled to transmit PUSCH in the second and the third subframe in an UL burst. When the eNB B performs LBT in the second and the third subframe, the sensing result is that the channel is idle. Therefore, the eNB B may transmit PDSCH in the fourth subframe. If the UE 1 does not perform LBT before transmission of PUSCH 2, the DL transmission from the eNB B to the UE 2 may be severely impacted by the UL transmission from the UE 1.
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Figure 2: LBT for discontinuous PUSCH transmission
Observation 2: Separated LBT may be needed for each discontinuous PUSCH in a UL burst.
· What is the UE behavior for PUSCH transmission after the UE senses the channel is busy?
The following two options can be considered for PUSCH transmission when the UE senses the channel is busy:
Option 1: The UE drops the PUSCH.

Option 2: The UE waits and performs other LBT procedures, and transmits the PUSCH when the channel is idle.

The sensing results for different UEs in the same cell may be different. The cell center UEs may sense the channel is idle, and transmit the PUSCH. On the other hand, the cell edge UEs may sense the channel is busy, and thus cannot transmit the PUSCH. If option 2 is supported, the following problems may exist for PUSCH transmission:
· UL misalignment: Different UEs may transmit the same UL burst in different subframes, as shown in Figure 3.
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Figure 3: Different UEs transmit the same UL burst in different subframes
· PUSCH DTX detection: The eNB shall be able to know which scheduled UEs did not transmit the UL burst.
· Resource allocation: The resource allocated to the UEs which do not transmit the UL burst have to be reserved until the scheduled PUSCHs are received by the eNB, as shown in Figure 4. 
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Figure 4: Reserved resource
It can be seen that option 2 leads to much more complexities of scheduling and receiving and reduce the frequency efficiency. Therefore, we propose that the PUSCH should be dropped when the subframe scheduled for PUSCH transmission is busy.
Proposal 1: The PUSCH should be dropped when the channel is busy in the subframe scheduled for PUSCH transmission.
· Scheduling timing for PUSCH on eLAA carrier.
The UL transmission and the DL transmission are TDM transmitted on the eLAA carrier. According to the above analysis, LBT procedure is needed between the downlink-to-uplink switching and uplink-to-downlink switching. In order to reduce the amount of LBT procedures, the switching between UL transmission and DL transmission should be as few as possible. Therefore, continuous scheduling for UL/DL transmission is proposed, as shown in Figure 5. Therefore, the existing LTE TDD scheduling timing may not be useable for eLAA. 
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Figure 5: Continuous scheduling on eLAA carrier
Multi-subframe/cross-subframe scheduling should be considered for PUSCH transmission on eLAA carrier. The UL grant(s) transmitted in subframe n can schedule the PUSCH transmission in subframe n+k, where k∈set K, and K is defined by the specification. The UL index field in UL grant should support the any scheduling combination in the set K.
Proposal 2: Multi-subframe/cross-subframe with new TDD scheduling timing should be supported for PUSCH transmission on eLAA carrier.
3 Conclusions
In this contribution, we show our views on PUSCH transmission on LAA carrier with the following observations and proposals:
Observation 1: The LBT result sensed by the eNB may be not appropriate for UEs to transmit PUSCH even following with a DL burst transmitted from the eNB.
Observation 2: Separated LBT may be needed for each discontinuous PUSCH in a UL burst.
Proposal 1: The PUSCH should be dropped when the channel is busy in the subframe scheduled for PUSCH transmission.
Proposal 2: Multi-subframe/cross-subframe with new TDD scheduling timing should be supported for PUSCH transmission on eLAA carrier.
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