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1 Introduction

In RAN1 #85[1] and the subsequent email discussion [85-5-6] [2], the following agreements were made regarding CAT4 LBT for the eLAA Uplink (UL):

Agreement:
When the UE performs CAT 4 LBT, it uses the priority class signaled by the eNB 

Agreement:

eNB signals LBT type at least including 25us single slot LBT and Cat4 LBT to the UE at least for PUSCH 
Agreement:

LBT type (i.e. CAT4 LBT or LBT based on 25us CCA) is signaled via UL grant.

This contribution discusses the remaining details corresponding to CAT4 LBT performed by the UE on the UL.
2 Discussion
After extensive discussion, RAN1 has finalized the conditions that require CAT 4 LBT to be performed by the UE for UL transmissions.
However, clarity is needed for the following details regarding CAT 4 LBT at the UE:

· CAT 4 LBT starts/resumes at the UE after the indication of the UL grant and not after the arrival of a packet at the UE.
· The time instant at which the CAT 4 LBT process starts/resumes at the UE after the indication of the UL grant.
· If no UL transmission takes place at any of the consecutively scheduled transmission opportunities due to failure of CAT 4 LBT, whether the backoff counter is frozen or discarded.
· If a grant with CAT 4 LBT is given to the same UE which previously failed its CAT 4 LBT for one or more transmission opportunities: 

· Whether a backoff counter which was previously frozen can be resumed if the priority class and the CW size remain unchanged and reset and restarted if the priority class or/and the CW size change causing the random number to be redrawn; OR
· The backoff counter is always reset and restarted with a new random number drawn corresponding to the indicated priority class and CW size.
We propose the following to address the above details:

Proposal 1: The CAT 4 LBT process can run at the UE provided there is a packet to transmit AND there is a UL subframe or a set of consecutively scheduled UL subframes where the UE will transmit if the CAT 4 LBT is successful.
Proposal 2: The CAT 4 LBT process can start immediately after reception of a UL grant.
Proposal 3: If the CAT 4 LBT process is successful at the UE before the start of UL transmission opportunity, the UE can transmit at the transmission opportunity provided the channel has been sensed to be continuously idle during the slot durations of a defer duration 
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 immediately before this transmission. If the channel is not sensed to be idle during the slot durations of the defer duration 
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 immediately before the transmission, the UE discards the backoff counter and restarts CAT4 LBT with the same CW before the next consecutively scheduled transmission opportunity.
Proposal 4: If no UL transmission takes place in the scheduled UL subframe or any of the consecutively scheduled UL subframes corresponding to a CAT 4 LBT, the UE discards the backoff counter value and stops the CAT 4 LBT process i.e. the backoff counter does not continue to run in the absence of a UL grant.
Proposal 5: Once a new grant is received following failure to transmit in the UL subframe or any of the consecutively scheduled UL subframes corresponding to a CAT 4 LBT, the UE restarts the CAT 4 LBT process by redrawing the random number corresponding to the priority class and CW size appropriate for the given UL grant.
3 Observations and Conclusions
Proposal 1: The CAT 4 LBT process can run at the UE provided there is a packet to transmit AND there is a UL subframe or a set of consecutively scheduled UL subframes where the UE will transmit if the CAT 4 LBT is successful.

Proposal 2: The CAT 4 LBT process can start immediately after reception of a UL grant.

Proposal 3: If the CAT 4 LBT process is successful at the UE before the start of UL transmission opportunity, the UE can transmit at the transmission opportunity provided the channel has been sensed to be continuously idle during the slot durations of a defer duration 
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 immediately before this transmission. If the channel is not sensed to be idle during the slot durations of the defer duration 
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 immediately before the transmission, the UE discards the backoff counter and restarts CAT4 LBT with the same CW before the next consecutively scheduled transmission opportunity.

Proposal 4: If no UL transmission takes place in the scheduled UL subframe or any of the consecutively scheduled UL subframes corresponding to a CAT 4 LBT, the UE discards the backoff counter value and stops the CAT 4 LBT process i.e. the backoff counter does not continue to run in the absence of a UL grant.

Proposal 5: Once a new grant is received following failure to transmit in the UL subframe or any of the consecutively scheduled UL subframes corresponding to a CAT 4 LBT, the UE restarts the CAT 4 LBT process by redrawing the random number corresponding to the priority class and CW size appropriate for the given UL grant.
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