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1. Introduction
RAN1 has agreed that it is possible for the UE to perform Cat.4 LBT. This has some implications on scheduling and these aspects are discussed in this contribution
1. Scheduling aspects of Cat. 4 LBT
It was agreed in RAN1 that eNB will signal the LBT parameters to the UE. Different types of LBT are possible at the UE and it was agreed to consider Cat. 4 LBT type operation for LAA (as noted below). 
Agreement:
· Transmission time for PUSCH and SRS after a Cat. 4 LBT at the UE is decided by the eNB and is indicated to the UE.
With Cat. 4 LBT, the UE performs the following tasks. 
1) The UE receives an UL grant (either via self or cross-carrier scheduled) along with an indication of Cat. 4 LBT
2) UE starts the LBT procedure (i.e. listens to the unlicensed carrier for other transmissions)
a. If the LBT procedure succeeds, the UE transmits on the scheduled UL subframe
b. If the LBT procedure fails (i.e. other transmissions detected) then the UE enters the backoff procedure
3) When in backoff period, the UE is not able to transmit in UL and instead is required to listen to the downlink channel to count-down the backoff slots. 

It should be noted that the eNB is not aware of the UE’s LBT status and hence, the eNB is not aware of the UE entering backoff state. Further, the eNB is also not aware of when the backoff counting at the UE will end (this depends on the value of the random number of slots picked by the UE and also on the UE’s local interference environment). Whilst in the backoff state, the UE is also unable to transmit on subsequent (granted) UL subframes until the initiated backoff procedure is successfully completed (i.e. all backoff slots are counted down). This situation will be very common in the scenarios where there are one or more hidden nodes to the eNB. This may also be exacerbated by the scheduled UL and DL transmissions in the current cell (which will be received by the UE above the LBT threshold and hence prevent the UE from counting down its backoff slots thus prolonging the backoff period at the UE).  
Observation: If the UE operates Cat. 4 LBT and enters backoff state, the UE is unable to transmit in UL for a period of time and the eNB is not aware of when the UE is again ready to be scheduled on UL
Clearly, it is a waste of UL resources if the eNB schedules a UE in UL when the UE is not actually capable of transmitting. Hence, scheduling a UE on UL when it is in backoff state shall be precluded. Hence, there should be mechanisms that would enable the eNB to:
a) Detect when the UE has entered backoff state
b) Detect when the UE has exited (completed) the backoff procedure

For a) multiple options are possible:
1) If it is possible to detect sufficiently reliably that a scheduled UE has not transmitted on a scheduled subframe, this could implicitly indicate that the UE may have entered a backoff state. It should be noted that a scheduled transmission in uplink may also be dropped due to PDCCH decoding failure. However, the likelihood of this is sufficiently low. 
2) Another alternative is to specify an explicit indication on the PCell to indicate about the UE’s LBT failure to the eNB. This requires RAN2 to define such mechanism and corresponding signaling. 

Given the timescales of the WID, option 1) is likely the preferred option. 

For b) the preferred option is to use an explicit signalling from the UE (e.g. the UE sends an SR upon the completion of the backoff procedure). 
Based on the above the following proposals are made:
Proposal 1: It should be possible for the eNB to detect a UE that enters backoff state after executing Cat. 4 LBT procedure and avoid scheduling the UE during the corresponding backoff period
Proposal 2: Mechanisms to detect when the UE enters a backoff state and when it is again ready to be scheduled in UL should be specified in RAN2. 
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