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Introduction
in RAN1#90 [1], it was agreed that: 
Agreement:

· Autonomous Uplink (AUL) in FeLAA shall always use Type 1 Channel access (Cat4 LBT) to acquire the channel outside of the eNodeB acquired COT
· For autonomous UL transmission based on CAT4 LBT, the channel access priority class is determined by the UE.
· The priority class of the CAT4 LBT shall follow LBT priority class to traffic type mapping defined for LAA Rel-13 [36.300 section 5.7.1]
· The multiplexing of data by the UE shall follow the corresponding eNB operation when transmitting DL data in a COT as specified in LAA Rel-13 [36.300 section 5.7.2]
· The parameters of the CAT4 LBT shall be the same as those defined for Uplink Type 1 Channel access for eLAA [36.213, Table 15.2.1-1].
· UE CW update procedure is the same as defined for Uplink Type 1 Channel access for eLAA [36.213, Section 15.2.2], except for possible availability of explicit HARQ feedback
· FFS: UE CW update based on HARQ feedback
· Additionally, a common UE CW is maintained for scheduled UL and AUL
· FFS: AUL and SUL transmissions occurring back-to-back,  
Agreement:
One of the following options will be chosen:
· Option 1: Autonomous Uplink in FeLAA shall not use Type 2 channel access (25us LBT) as a part of a shared COT acquired by the eNB. 
· Option 2: The eNodeB may allow AUL within the eNodeB acquired shared COT in subframes belonging to the UL subframes indicated with C-PDCCH. 
· All UL subframes indicated with  C-PDCCH within a single eNodeB acquired shared COT are contiguous*
· AUL transmissions of a UE within the shared COT are contiguous*
· Autonomous Uplink in FeLAA uses Type 2 channel access (25us LBT)
· An AUL transmission started within the subframes belonging to the UL subframes indicated with C-PDCCH shall not continue beyond the last indicated UL subframe
· DL-UL-DL switch is not allowed within a single COT
· All subframes (both scheduled and AUL) belonging to the UL subframes indicated with C-PDCCH are counted towards eNodeB COT, irrespective of whether an UL transmission occurs or not
· FFS: CW update at the eNB when there is no PDSCH transmission in the COT 
* Short gaps (up to 2, FFS 3 symbols) between subframes are allowed similarly as in (e)LAA

In this contribution, we provide our views on remaining details related to channel access for autonomous uplink transmissions on LAA SCells.

[bookmark: _Ref178064866]Discussion
Similar to rel-14 eLAA, PUSCH transmission of autonomous UL should be subframe aligned. The PUSCH transmission starting point is restricted and signalled by the eNB. Maximum one symbol can be used by the UE for the purpose of LBT operation. Accordingly, the starting positions can be OFDM 0 or 1. 
AUL PUSCH transmission is subframe aligned. AUL PUSCH starting position can be OS 0 or 1. The starting position is configured by the eNB.
Channel access  
UE acquired MCOT
An MCOT acquired by an autonomous UL UE can be shared with the eNB. The DL transmission can start immediately after a quick CCA check. One major advantage of enabling UL followed by DL MCOT is to allow fast transmission of UL HARQ feedback as discussed in our companion contribution [2]. Besides, UL to DL MCOT sharing can be utilized in case of small buffer size or bursty UL traffic. For instance, during slow start for a DL transmission, the UE transmits bursts of TCP ACK that require short transmission duration. since the UE anyway performs CAT4 LBT to acquire the channel, the remaining part of the MCOT can be used to enable faster DL channel access.
MCOT acquired by UE can be shared with eNB.
DL uses Type 2 channel access (25us LBT) within a UE acquired COT.
DL subframes within a UE acquired COT: 
· UE implicitly or explicitly indicates the duration of the remaining part of the COT that can be used for DL transmission.
· The DL part starts immediately after the UL transmission and should not continue beyond the last indicated end of the shared COT. 
· All DL subframes indicated by the UE within a UE acquired shared COT are contiguous.
· All DL subframes belonging to the DL subframes indicated by the UE are counted towards UE COT, irrespective of whether an DL transmission occurs or not.
· The eNB may serve any UE within the indicated DL subframes. 

The LBT priority class to be used by the eNB within a UE acquired COT is the one used by the UE to obtain access to the channel.
b. UE indicates LBT priority class via UCI.
eNB acquired MCOT
During last meeting, it was agreed to choose one of the following options: 
· Option 1: Autonomous Uplink in FeLAA shall not use Type 2 channel access (25us LBT) as a part of a shared COT acquired by the eNB. 
· Option 2: The eNodeB may allow AUL within the eNodeB acquired shared COT in subframes belonging to the UL subframes indicated with C-PDCCH. 




In our perspective, it is beneficial to support option 2. If scheduled and autonomous UEs are frequency multiplexed within the UL subframes indicated with C-PDCCH. To avoid UE’s blocking each other, both UL modes should perform the same LBT type (25us LBT).

The eNodeB may allow AUL within the eNodeB acquired shared COT in subframes belonging to the UL subframes indicated with C-PDCCH. 
· All UL subframes indicated with C-PDCCH within a single eNodeB acquired shared COT are contiguous*
· AUL transmissions of a UE within the shared COT are contiguous*
· Autonomous Uplink in FeLAA uses Type 2 channel access (25us LBT)
· An AUL transmission started within the subframes belonging to the UL subframes indicated with C-PDCCH shall not continue beyond the last indicated UL subframe
· DL-UL-DL switch is not allowed within a single COT
· All subframes (both scheduled and AUL) belonging to the UL subframes indicated with C-PDCCH are counted towards eNodeB COT, irrespective of whether an UL transmission occurs or not
* Short gaps (up to 2, FFS 3 symbols) between subframes are allowed similarly as in (e)LAA

Scheduled and autonomous UL coexistence
MCOT sharing is one of the main features to enhance the performance of scheduled UL on unlicensed bands. figure 1 shows an example, where eNB sends first multi-subframe UL grant corresponding to the subframes n+4/5/6/7/8 and second grant corresponding to m+7/8/9/10/11. The eNB indicates to the UE which UL subframes belong to the same channel occupancy by sending the following information on C-PDCCH using (L: length of the UL burst, O:offset). The LBT procedure for any UL subframe from the subframe in which C-PDCCH was received up to and including all subframes until the end of the signaled UL burst duration, for which the eNB had already indicated to perform Cat. 4 LBT, is switched to UL LBT Type 2 or an LBT based on 25 us CCA. Therefore, in the example below, the UE can transmit using 25us LBT on any of the UL scheduled subframes.
[image: ]
With the support of autonomous UL, there is a risk that autonomous UL can grab the channel within the gap between the grant transmission and the corresponding UL burst. Depending on the AUL COT duration, the autonomous transmission can continue to transmit on the subframes that are scheduled for another UE and thereby blocking the scheduled transmission. Besides, if the autonomous UL blocks the transmission of the second grant, the interweaving between UL grant and UL transmission is also lost. (figure 2).
[image: ]

Some restrictions should be imposed on the AUL behavior when coexisting with scheduled UL UEs in the same cell. The eNB may want to prioritize scheduled UL UEs when both scheduled UL and autonomous UL UEs coexist in same cell.
The eNB may force AUL UE to defer from performing AUL transmission during all or subset of subframe from the subframe in which C-PDCCH was received up the end of the signaled autonomous UL burst duration. Accordingly, we propose to further study the following alternatives: 
· using 1-bit flag on CPDCCH, the eNB indicates if AUL transmission is allowed during any or subset of the subframe from the subframe in which C-PDCCH was received up to and including all subframes until the end of the signaled UL burst duration. 
· [bookmark: _Hlk492460299]eNB indicates via new signaling the autonomous UL burst duration in which the autonomous UL UE is allowed to perform autonomous UL transmissions starting from the subframe in which C-PDCCH was received up the end of the signaled autonomous UL burst duration. for example, if at subframe n, the eNB indicates autonomous UL burst of 3. the autonomous UL UE is allowed to perform autonomous UL transmission during any subframe from the subframe in which C-PDCCH is received up to n+3. the autonomous UL UE then avoid AUL transmission from n+4 until the end of the signaled UL burst duration. 

eNB may disable certain AUL resources via new signalling on C-PDCCH. 
Collision avoidance in AUL
The back off (BO) counter for the LBT procedure may or may not be reduced continuously outside the allowed transmission period (referred to as freeze period). Nevertheless, if the LBT procedure finishes during the freeze period, the transmission cannot start immediately, instead it is postponed until the next allowed transmission period. 
As described in [3], there are benefits from assigning same SPS resources to different UEs. Given that, the number of UEs attempting to transmit at the same time is not controlled by the eNB. For instance, if two UEs with different initial BO value finish their BO at different points during the freeze period, they will be deferred until the next possible allowed transmission period. Both UEs will perform a final CCA check, start simultaneous transmission and collide.  
To overcome this problem and reduce the chances that different UEs start their transmission at the same time, the eNB can spread out the earliest possible transmission time for UEs with non-empty UL buffer by assigning different sensing duration before the next possible allowed transmission period. 

This will give the UEs different priority to access the channel at the next transmission period. The UE with the minimum offset value, if not deferred by any other ongoing interference, will finish its final CCA the earliest and grab the channel before other UEs with higher offset value, as shown in figure 1. 
The starting position of the AUL transmission can be between OS0 and OS1. CP extension is used for transmissions before the next allowed transmission boundary where the data transmission starts.
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Figure 1: Competing autonomous UL transmissions with and without BO offset
AUL operation supports indication of UE-specific LBT offsets.
The starting position of AUL is be between OS 0 and OS1. 
c. CP extension is used for transmission between OS 0 and OS 1.
d. FFS: exact values
Conclusion
In this contribution, we provide our view on channel access for LAA autonomous UL transmissions. accordingly, we propose the following: 
1. AUL PUSCH transmission is subframe aligned. AUL PUSCH starting position can be OS 0 or 1. The starting position is configured by the eNB.
MCOT acquired by UE can be shared with eNB.
DL uses Type 2 channel access (25us LBT) within a UE acquired COT.
DL subframes within a UE acquired COT: 
· UE implicitly or explicitly indicates the duration of the remaining part of the COT that can be used for DL transmission.
· The DL part starts immediately after the UL transmission and should not continue beyond the last indicated end of the shared COT. 
· All DL subframes indicated by the UE within a UE acquired shared COT are contiguous.
· All DL subframes belonging to the DL subframes indicated by the UE are counted towards UE COT, irrespective of whether an DL transmission occurs or not.
· The eNB may serve any UE within the indicated DL subframes. 

The LBT priority class to be used by the eNB within a UE acquired COT is the one used by the UE to obtain access to the channel.
b. UE indicates LBT priority class via UCI.

The eNodeB may allow AUL within the eNodeB acquired shared COT in subframes belonging to the UL subframes indicated with C-PDCCH. 
· All UL subframes indicated with C-PDCCH within a single eNodeB acquired shared COT are contiguous*
· AUL transmissions of a UE within the shared COT are contiguous*
· Autonomous Uplink in FeLAA uses Type 2 channel access (25us LBT)
· An AUL transmission started within the subframes belonging to the UL subframes indicated with C-PDCCH shall not continue beyond the last indicated UL subframe
· DL-UL-DL switch is not allowed within a single COT
· All subframes (both scheduled and AUL) belonging to the UL subframes indicated with C-PDCCH are counted towards eNodeB COT, irrespective of whether an UL transmission occurs or not
* Short gaps (up to 2, FFS 3 symbols) between subframes are allowed similarly as in (e)LAA
eNB may disable certain AUL resources via new signalling on C-PDCCH. 
AUL operation supports indication of UE-specific LBT offsets.
The starting position of AUL is be between OS 0 and OS1. 
c. CP extension is used for transmission between OS 0 and OS 1.
d. FFS: exact values
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