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1 Introduction
During the Rel-14 eLAA WI stage, UL single carrier LBT procedure has been extensively discussed. However, there are neither discussions nor conclusions on UL multi-carrier LBT up till now. This contribution analyzes the difference between DL and UL multi-carrier LBT and discusses the relationship of DL and UL operations. It also provides potential solutions for the identified issues.
2 UL multi-carrier LBT operations
Rel-13 has defined two types of DL multi-carrier LBT procedures for PDSCH transmissions, namely:
· TypeA: the eNB performs independent Cat.4 LBT in each carrier. Each carrier could have individual (TypeA1) or common (TypeA2) LBT parameter and MCOT duration.
· TypeB: the eNB performs Cat.4 LBT in one carrier (main carrier), and accesses the other carriers with one-shot 25us LBT. The Cat.4 LBT parameter only applies to the main carrier and the MCOT duration is common to all the carriers.
For UL transmission, since the LBT type (25us or Cat.4) and the corresponding parameters would be indicated to the UE through UL grant for each carrier, there seems no need to define the above two types of multi-carrier LBT procedures in the specification. The UE would perform channel access operation according to eNB indication.
Proposal1:

· Do not additionally define the UL multi-carrier LBT operations. UE performs UL LBT for each carrier according to the LBT indication in the UL grant. 
Although there is no need to additional define UL multi-carrier LBT operation, there still needs to solve some issues introduced by UL transmission.
MCOT sharing for DL Type B multi-carrier LBT
It has been agreed that:
· For the DL and UL transmissions occurring on the same channel, an eNB starting the DL transmission based on a Cat 4 LBT with a given MCOT, can share its channel occupancy with its UEs such that the total transmission duration by the eNB and UEs does not exceed the MCOT limit.
· A channel occupancy is started with a DL transmission after CAT4 LBT.
For an eNB with Type B multi-carrier LBT, although only the main carrier accesses the channel with Cat.4 LBT and the other carriers use 25us one-shot LBT, it is still reasonable to share the MCOT to the UE on the carriers in addition to the main carrier, since the Cat.4 LBT parameters are jointly decided by the conditions of all the carriers and the corresponding MCOT is also common to all the carriers, as shown in Fig.1.
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Fig.1 eNB/UE sharing MCOT in multiple carriers when the channel occupancy starts with Type B LBT
Proposal2:

· An eNB starting the DL transmission based on Type B multi-carrier LBT with a given MCOT, can share its channel occupancy with its UEs on all the carriers completing Type B LBT.
· A channel occupancy is started with a DL transmission after the main carrier completes Cat.4 LBT;

UL ED threshold definition for multiple carriers
When eNB starts the DL transmission based on Type A multi-carrier LBT, it is very likely that different carrier has different MCOT due to independent LBT procedure. For UL transmission from the same UE, it might be within MCOT on some carriers and without MCOT on the other carriers, which results in different UL LBT type on multiple carriers, as shown in Fig.2.
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Fig. 2 Different UL LBT type on multiple carriers
The energy detection definition in Rel-13 is:

If there is another technology sharing the carrier, the energy detection threshold is defined as below:
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 is the set maximum eNB output power in dBm for the carrier;
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eNB uses the set maximum transmission power over a single carrier irrespective of whether single carrier or multi-carrier transmission is employed
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-
BWMHz is the single carrier bandwidth in MHz.

Currently in the downlink LBT procedure, individual energy detection threshold is used if multiple carriers operate Cat.4 LBT independently (TypeA). If the main carrier operates Cat.4 LBT while other carriers operate 25us one-shot LBT (TypeB), the energy detection threshold for the other carriers are the same as the one used for main carrier.
Following the same approach as in Type B, for the UL carrier performing 25us LBT, the energy detection threshold can be the same as the one used on carrier performing Cat.4 LBT. If there are multiple carriers performing UL Cat.4 LBT, the one with lowest energy detection threshold can be selected considering the politeness to the other nodes.
Proposal3:

When the UE performs 25us and Cat.4 UL LBT for different carriers during the same period, the energy detection threshold for the carrier performing 25us LBT is the same as the lowest one used for the carriers performing Cat.4 LBT.
3 Conclusion

This contribution gives analysis on the UL multi-carrier LBT operations. Following observations and proposals are achieved:
Proposal1:

· Do not additionally define the UL multi-carrier LBT operations. UE performs UL LBT for each carrier according to the LBT indication in the UL grant. 
Proposal2:

· An eNB starting the DL transmission based on Type B multi-carrier LBT with a given MCOT, can share its channel occupancy with its UEs on all the carriers completing Type B LBT.
· The channel occupancy is started with a DL transmission after the main carrier completes Cat.4 LBT;

Proposal3:
· When the UE performs 25us and Cat.4 UL LBT for different carriers during the same period, the energy detection threshold for the carrier performing 25us LBT is the same as the lowest one used for the carriers performing Cat.4 LBT.
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