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1. Background and Introduction
[bookmark: OLE_LINK1]At the RAN#70 meeting, the new WI “New Work Item on enhanced LAA for LTE” [1] was approved. It is to specify support for the UL carrier aggregation for LAA SCell(s) (with one or more UL carriers in unlicensed band) using Frame Structure type 3. The channel access mechanism shall use the decisions made in RAN1 during Rel-13 as a starting point. And both self-scheduling and cross-carrier scheduling from licensed spectrum should be supported.
In addition, the following agreements and working assumptions were made about UL LBT for LAA in previous meetings [2]-[3],
Agreements: [#84]
· Support UL LBT based on a Cat-4 channel access procedure.
· Support UL LBT based on a CCA of at least 25 µs before the UL transmission burst.
· FFS: Conditions and restrictions on when these options are used
Working assumptions: [#82]
· For self-carrier scheduling, the following UL LBT candidate procedures should be considered
· A CCA duration of 25 us before the transmission burst
· The sensing duration can be less than the CCA duration
· A category 4 LBT scheme with a defer period of 25 µs including a defer duration of 16 us followed by one CCA slot, and a maximum contention window size of X={3, 4, 5, 6, 7}, respectively
· FFS: The random backoff counter is generated at the eNB and is signaled to the UE
· The UL maximum contention window size should be smaller than for DL category 4 LBT
· Note that X = 7 can be revisited later after DL LBT discussions, if necessary
· FFS: Transmission without LBT when UL transmission burst follows DL transmission burst with a gap of at most 16 µs between the two bursts.
LAA UL is based on scheduled access and the UL grant is sent 4ms before UL transmission. After successfully receiving the UL grant and ready for UL transmission, UE needs to perform the LBT (e.g., a CCA of at least 25 µs), which perhaps fails because of the busy channel, and thus it delays the UL transmission. Considering the Wi-Fi packet is much smaller compared to the UL transmission (with a maximum size of 1500 byte), it is wasteful to drop off the granted UL PUSCH due to the LBT failure. In order to improve the efficiency of UE channel access, we propose a PUSCH transmission mechanism based on partial subframe [4] and resilient MCS levels in this contribution.
2. Discussions
2.1 Partial subframe PUSCH transmission with LBT at UE side

In order to avoid the waste of resources when UE failed to access caused by LBT, a subframe should be divided into equal parts, each one is called as a partial subframe. A PUSCH transmission may start at the beginning of each partial subframe if UL LBT (e.g. LBT Cat2) is performed successfully in the last several symbols of last partial subframe. As shown in figure 1, if UE fails to occupy the channel at the beginning of a partial subframe, it will perform UL LBT before each possible transmission time until the channel is available. Then UE can send PUSCH until the subframe ends.
[image: ]
Figure 1. Partial subframe for PUSCH
At UE side, each partial subframe may correspond to different levels of MCS to ensure eNB can decode the signal correctly. As shown in figure 2, if UE performs LBT successfully at the first partial subframe(i.e. the whole subframe), PUSCH will be sent with MCS 1. The x-th partial subframe corresponds to MCS x(x=1,2,3...n). With the duration of transmission getting shorter, UE may employ different levels of MCS to send data, due to the possible interferences when LBT is successful but the channel is occupied by other interferers simultaneously.
[image: ]
Figure 2. Different levels of MCS correspond to different partial subframes      
Proposal 1: For LAA PUSCH transmission, UE can consider using partial subframe for PUSCH with different levels of MCS. 
2.2  Resilient MCS levels based on WiFi RTS/CTS signals
When LAA and WiFi coexist, before WiFi packet transmission, RTS/CTS signals will be transmitted, in which the transmission duration time will be included. Therefore, before UL transmission, LAA UE can listen the RTS/CTS to identify the possible transmissions of WiFi packet. The duration time of the transmission can also be obtained/calculated from the signals. Based on this, UE can evaluate the interference between WiFi and LAA UL according to the possible overlap transmission time during the granted PUSCH subframe.
In order to avoid the wasting of the granted PUSCH and improve the receiving performance at eNB, UE can prepare a group of resilient MCS levels for the PUSCH transmission, when UE decides to transmit, it can choose an appropriate MCS level according to the evaluated interference level as mentioned above. 
Proposal 2: For the scenario when LAA and WiFi coexist, UE can adopt resilient MCS levels for PUSCH based on WiFi RTS/CTS signals and evaluate the possible interference level.
2.3 Blind detection for partial PUSCH transmission at LAA eNB side
Since UE may use the different levels of MCS when transmitting PUSCH, compared with the granted MCS in the UL grant signal. At the eNB side, it is necessary for eNB to detect the PUSCH by using blind detection in order to accurately decode the uplink signal. Meanwhile, the eNB should know the starting transmission time of each partial subframe when partial subframes are employed.
Proposal 3: For LAA PUSCH transmission, eNB can consider using blind detection for decoding the PUSCH transmission.
3. Conclusion
In this contribution, we discuss the PUSCH transmission mechanism based on partial subframe. The proposals are as following:
[bookmark: OLE_LINK7]Proposal 1: For LAA PUSCH transmission, UE can consider using partial subframe for PUSCH with different levels of MCS. 
Proposal 2: For the scenario when LAA and WiFi coexist, UE can adopt resilient MCS levels for PUSCH based on WiFi RTS/CTS signals and evaluate the possible interference level.
Proposal 3: For LAA PUSCH transmission, eNB can consider using blind detection for decoding the PUSCH transmission.
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