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1
Introduction

In RAN1#84bis and the email discussion after the meeting, the following agreements on UL LBT were made. 
Agreement:
· If the sum total duration of DL and UL transmissions [and UL LBT] is less than the obtained channel occupancy duration, it is sufficient for the UE(s) to perform a single 25us LBT to access the channel and perform UL transmission
· FFS the conditions, if any, on the usage of 25us LBT especially w.r.t. traffic class
· FFS the […] part
Agreement:
· UL grant only transmission by eNB based on Rel-13 Cat 4 LBT priority class is supported

· FFS: UL grant only transmission by eNB based on a 25us CCA is supported

· eNB can choose between Cat-4 or 25us CCA LBT

In this document, we discuss various aspects of the UE LBT procedure. 
2
UL LBT procedure
2.1
25us LBT at the UE and paused TxOP

Several proposals were discussed in the email discussion and we use the following version of the proposal to illustrate our views on this concept. 
Proposal 1 on email reflector:
· 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. 
· Any gap between two consecutive transmissions that is larger than 25 µs shall not be included in the total transmission duration.
· [Agreement: An LBT based on a 25 µs CCA can be performed for any of the new UL transmission within the MCOT limit.] and shall take place immediately prior to the UL transmission.
· The eNB shall ensure that the total duration of the transmissions that occur between the start times of transmissions following two successive Category 4 LBT procedures, is less than or equal to the MCOT
· The transmissions are from an eNB and all the UEs served by it
· The successive Category 4 LBT procedures may not be from the same node
· The eNB shall schedule UL subframes so that there is no gap between the scheduled UL subframes within an MCOT Within an MCOT limit, the eNB shall ensure that there is account only no more than one gap that is greater than 4 ms or greater due to for the grant to transmission delay besides any gaps necessary for performing LBT at the UE 
· Note: There can be gaps due to LBT failures at the UE between the UL subframes in which transmissions occur
· Note: There can be gaps for 1 or 2 symbols between the scheduled UL subframes within an MCOT
· The eNB should schedule such that the MCOT limits are met assuming that there is a UL transmission in every scheduled UL subframe.
· FFS multiple transitions between DL and UL, and the associated detailed behavior (e.g. allowed gaps and how gaps are counted towards MCOT)
At a high level, it should be agreeable that an eNB should be able to start a DL transmission based on a Cat 4 LBT and acquire a channel occupancy time. The eNB should then be able to share its obtained channel occupancy between the UEs such that the total transmission duration does not exceed the MCOT limit based on the parameters used for the Cat 4 LBT. 
Larger than 25us gap not accounted in MCOT: The eNB may intentionally blank the last symbol of the subframe to accommodate SRS transmission for its own UEs or to accommodate SRS transmissions for UEs of other cells (to maintain orthogonality and exploit channel reciprocity). This should be discussed and taken into account when deciding which gaps larger than 25us should not be included in total transmission duration. 
Total transmission duration between two Cat 4 LBT procedures: We agree with the principle that the eNB should ensure that the total duration of transmissions between two successive Cat 4 procedures either from the eNB or from the UEs served by it should be smaller than or equal to the MCOT. 
In the context of UL scheduling, the eNB may schedule UEs and the some UEs may begin a Cat 4 LBT procedure as indicated in the UL grant. However, this does should not be taken to imply that the current channel occupancy has ended just because another node has started a UE has started a Cat 4 LBT procedure. The eNB and UEs may utilize the whole duration of the channel occupancy even if one of the nodes has initiated/completed a Cat 4 LBT during the channel occupancy duration. 
Maximum gap within MCOT:  We are in agreement with the principle that there be only one gap that is greater than [4]ms or greater due to the grant to transmission delay with an MCOT. However, whether the gap is more than 3ms or 4ms is a function of whether the UE is expected to process UL grants in an end partial subframe with 3 symbol duration. If the UE supports end partial subframe (including stand alone end partial subframe of 3 symbols for only UL grants) then 4ms gap might be needed. Otherwise, we propose that a maximum gap of 3ms gap be sufficient. Note that this would also imply that multiple gaps of smaller than [3/4]ms would be allowed by the agreement. 
Multiple transitions between DL and UL: We agree that it is beneficial to have multiple transitions between DL and UL transmission. However, given that maximum TxOP duration is less than 10ms (based on current BRAN discussion), the benefit of multiple transitions between DL and UL might not be substantial assuming a 1ms TTI. In addition, it would significantly increase the signaling load to support such configurations at the UE. We propose that given the limited time available in this work item, multiple DL/UL transmissions may be considered in a later release (Ex: When sTTI is introduced for FS3)
2.2 
Cat 4 LBT at the UE
When signalled by the eNB, the UE can perform Cat 4 LBT to access the medium. The eNB shall indicate the LBT parameters including the CW size and the LBT priority class (to determine defer period) to the UE in an UL grant or through other signalling. The spec should provide a mechanism to determine the random number from the signalled CW size so that the same random number is drawn by all the UEs. For example, the random number generation can be tied to the system frame number and subframe number so that all UEs signalled can draw the same number. 

Maintaining CW: The eNB has a much better picture of success or failure of a UL transmission compared to the UE. We propose that the eNB perform the contention window update for the UEs when the UEs are expected to perform Cat 4 LBT. The reference subframes for determining the CW update shall be further discussed in RAN1 as there could be gaps in UL transmission either due to eNB not scheduling the UE or the UE missing a UL grant. 
Traffic multiplexing: The UE may multiplex traffic belonging to any priority class without any restriction given the decision in RAN2 (copied below from LS in R2-163146). 
Regarding LCP handling:

RAN2 agreed that we have defined LCP for multiplexing of UL data and we want to use this unchanged for UL LAA. 

However, the eNB in good faith should not misuse this feature to schedule lower priority traffic when using CW parameters of a higher LBT priority class. 
2.3
No LBT at the UE

Possible agreement 3:

· No LBT is required for any UL transmission that begins no later than 16 µs after the end of a DL transmission.
· The eNB should ensure that the UL transmission is within the MCOT limit.
· The duration of the UL transmission should include at least UCI or SRS and its duration shall not exceed 1ms.
We are in general supportive of allowing the possibility of transmission without LBT up to 1ms especially when control and sounding reference signals are present. This may be a useful feature which the eNB can utilize especially if it transmits 802.11 preamble like coexistence signals to reduce the impact due to hidden nodes. 
2.4
Multi-carrier LBT 

We propose that the multi-carrier operating modes defined for the eNB shall be applicable to the UE as well with suitable modifications based on the SCells on which the UE is scheduled. The eNB may indicate to the UE the multi-carrier LBT configuration to use using RRC configuration. For example, such a configuration might indicate whether to use Type A (independent LBT) or Type B (primary and secondary carrier based LBT) and rules to determine the primary carrier for a Type B transmission etc. 
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Conclusions 

In this document, we discuss various aspects of the LBT procedure at the UE side. 
Proposal:

1. Gap larger than 25us need not be taken into account for COT computation
2. RAN1 to discuss whether the maximum gap in a COT is 3ms or 4ms

3. Multiple DL/UL transitions are beneficial but may be considered in a later release due to lack of time in the current release.

4. Traffic multiplexing is independent of LBT. However, it can be noted in eLAA operating description that the eNB shall not misuse this feature by scheduling only lower priority traffic when higher LBT priority class is used for channel access
5. Support No LBT transmission at the UE

6. Multi-carrier LBT supported at the UE and is determined based on RRC configuration
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