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1 Introduction
In RAN1#84meeting, it is achieved initial agreements on UL LBT mechanisms [1]:

· 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.
In this contribution, we analyze the conditions and restrictions for cases where UL LBT based on a Cat-4 or based on a CCA of at least 25us before the UL transmission burst can be applied, such as within MCOT and outside MCOT, self-scheduling and cross-carrier scheduling, and different UL PHY channels. Other issues related to LBT are discussed in our companion contribution [2].
2 Within MCOT and outside MCOT
The maximum channel occupancy time (MCOT) is the total time for node transmission. In Rel-13, it is defined the MCOT for eNB transmission per LBT priority class. And the MCOT for UL transmissions will be defined from a UE’s perspective.
· Within eNB MCOT

· When the uplink burst is transmitted within the eNB MCOT, a short CCA of at least 25us LBT could be performed to access the uplink channel. 
· Outside eNB MCOT

· When the uplink transmission is outside the eNB MCOT, a Cat4. LBT should be performed for UL transmission.  
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Figure 1 the LBT mechanism within eNB MCOT and outside eNB MCOT
As illustrated in the Figure 1, the MCOT is assumed as 8ms for eNB LBT priority class 3 and 4. It does not exclude that UL transmission in the eNB MCOT could be applied to priority classes other than 3 and 4.
Further considering the scheduling flexibility of eNB, a UE may be scheduled with a single uplink subframe or multiple consecutive uplink subframes. When a UE is scheduled with multiple consecutive uplink subframes, it is reasonable to allow the UE to access the channel with LBT and transmit consecutively in the following subframes, unless the eNB explicitly indicates that one or two of the PUSCH symbol(s) needs to be blanked to facilitate other UEs to access the channel.
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Figure 2 the LBT mechanism for consecutive scheduling
Proposal 1: Within the eNB MCOT, at least 25us one-shot LBT should be performed to access uplink channel for all the physical layer channels and signals, and a Cat4. LBT could be used outside the eNB MCOT.
3 DL&UL LBT association between UL_grant and PUSCH

For UL bursts outside the MCOT, normal Cat.4 should be considered for fair co-existence. However, if the UL burst is scheduled by the DL burst on unlicensed spectrum, the channel access of the UL burst is impacted by both UL priority class and DL priority class. E.g., for two UL bursts with the same priority class, the UL sensing periods are comparable, but if they are scheduled by DL bursts with different priority classes, the total sensing periods before the UL access may probably be different due to different DL sensing periods. Thus the channel access opportunity of the UL burst scheduled by DL burst with low priority would be probably lower than the UL burst with the same UL priority but scheduled by a DL burst with higher priority. To guarantee the fairness of channel access opportunity of UL bursts scheduled by DL bursts with different priority classes, it is suggested to take into account both DL priority class and UL priority class when determining the UL Cat.4 LBT parameters, e.g., CWS or MCOT. If the DL burst has lower priority class than the scheduled UL burst, it is reasonable to reduce the UL CWS, or increase the UL MCOT to compensate the UL channel occupancy, and vise versa.
Proposal 2: For UL Cat. 4 LBT in case of self-carrier scheduling, UL LBT parameters for PUSCH transmission outside the DL MCOT is associated with DL LBT parameters for the corresponding UL_grant transmission. 

4 Self-scheduling and cross-carrier scheduling
The Uplink transmission supports both self-scheduling and cross-carrier scheduling. The difference between self-scheduling and cross-carrier scheduling is that the self-scheduling for uplink transmission needs two contentions to transmit UL grant and UL burst respectively, while the cross-carrier scheduling performs one contention to transmit UL burst directly. For transmission within the eNB MCOT, a 25us one-shot LBT could be used for both cross-carrier scheduling and self-scheduling. For transmission outside of an eNB MCOT, the self-scheduling should be under a shorter Cat.4 LBT procedure than cross-carrier scheduling, given the double channel access procedures in self-scheduling case. However, considering the eNB scheduling and UE implementation complexity, it is proposed to align the channel access procedure for self-scheduling and cross-carrier scheduling cases even outside of the eNB MCOT.
Proposal 3: The same UL channel access procedure should be used to the self-scheduling and cross-carrier scheduling.
5 Different uplink channels
The uplink channels such as PUSCH, PUCCH, PRACH and SRS could be multiplexed within a subframe. Because the channels of PUCCH (if needed), PRACH and SRS carried system information, channel state information, and even ACK/NACK information for downlink transmission. These channels are very important to guarantee uplink and downlink transmission. 

· Transmission with PUSCH: PRACH, PUCCH and SRS should follow the PUSCH LBT category.
· As discussed above, all the uplink channels used one shot CCA of at least 25us within eNB MCOT, and Cat4.LBT should be performed to access uplink channel outside MCOT.

· Transmission without PUSCH: PRACH, PUCCH and SRS should perform high priority LBT.
· If PRACH, PUCCH and SRS did not multiplex with PUSCH, considering these channels importance and characteristic with shorter transmission duration or sparse transmission density, they should perform higher priority to access uplink channel than PUSCH. So the high LBT priority should be used for these channels, such as the high access opportunity using a single CCA of at least 25us, even high ED threshold, high priority class with Cat.4 LBT, etc.
Outside of eNB MCOT, 
Proposal 4: With PUSCH, the uplink channels of PRACH, PUCCH and SRS should follow PUSCH LBT Cat. 4 scheme. 

Proposal 5: Without PUSCH, the uplink channels of PRACH, PUCCH and SRS should perform at least 25us one-shot LBT or Cat.4 schemes with high priority class 
6 Conclusion

In this contribution, we analyzed the conditions and restrictions for cases where UL LBT based on a Cat-4 or based on a CCA of at least 25us before the UL transmission burst can be applied, including within MCOT and outside MCOT, self-scheduling and cross-carrier scheduling, and different UL PHY channels. Based on the analysis, we draw the following conclusions:
Proposal 1: Within the eNB MCOT, at least 25us one-shot LBT should be performed to access uplink channel for all the physical layer channels and signals, and a Cat4. LBT could be used outside the eNB MCOT.
Proposal 2: For UL Cat. 4 LBT in case of self-carrier scheduling, UL LBT parameters for PUSCH transmission outside the DL MCOT is associated with DL LBT parameters for the corresponding UL_grant transmission. 

Proposal 3: The same UL channel access procedure should be used to the self-scheduling and cross-carrier scheduling.
Proposal 4: With PUSCH, the uplink channels of PRACH, PUCCH and SRS should follow PUSCH LBT Cat. 4 scheme. 

Proposal 5: Without PUSCH, the uplink channels of PRACH, PUCCH and SRS should perform at least 25us one-shot LBT or Cat.4 schemes with high priority class 
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