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Introduction 
     A new work item on ‘enhancements to LTE operation in unlicensed spectrum’ was approved in TSG RAN Meeting #75 [1]. The objective of the new WI from RAN1 perspective is twofold:
1. Specify support for multiple starting and ending positions in a subframe for UL and DL on SCell with Frame structure type 3.
2. (Starting in RAN1#90): Study, and specify if needed, support for autonomous uplink access with Frame Structure type 3 considering solutions from the L2 latency reduction work item
     This contribution is on the second objective of the aforementioned WI, and in particular it provides considerations regarding the channel access mechanism for autonomous uplink access building on the WF [2] discussed during the previous meeting, which proposed that:
· 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,  
and, that one of the following options shall 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 

In this contribution, we use AUL and SUL, as short for autonomous UL and scheduled UL, respectively, for simplicity. 
LBT type, priority class, and MCOT sharing 
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Figure 1: Cat-4 LBT performed by AUL UE

     As the AUL transmission is not a transmission scheduled within an eNB’s obtained MCOT, the UE needs to obtain the right to access the medium by itself. Therefore, the Cat-4 LBT is the only LBT type that can be allowed for AUL transmission. Since the AUL transmission is commenced by each UE autonomously, it is also reasonable to let each AUL UE to choose an appropriate LBT priority class by itself and, thereby, the MCOT, depending on its buffer status. On the other hand, it is not foreseen that any change will be necessary for CWS adaptation mechanism defined in Rel-14 eLAA WI. Both SUL and AUL transmissions should be subject to the CWS adaptation upon the reception of HARQ-ACK feedback. 
Proposal 1: The Cat-4 LBT is used for AUL transmission. The LBT priority class is selected by each AUL UE. 
Proposal 2: The AUL transmission is subject to the CWS adaptation at the UE.
In order to efficiently use resources and improve user perceived throughput, it is reasonable for the eNB to allow a UE to perform AUL within the shared COT acquired by eNB, but only in those subframes scheduled for UL and indicated through C-PDCCH. However, AUL transmissions should not be allowed to be performed beyond the last indicated UL subframe. 
Proposal 3: The AUL transmission is allowed within the eNB acquired shared COT only in and within those subframes scheduled for UL and indicated through C-PDCCH. 
In order to allow back-to-back transmission between AUL and SUL within the eNB acquired shared COT, the last OFDM symbol of each AUL subframe is punctured, so the AUL will not preclude a SUL user to transmit in the next subframe.
Proposal 4: The last OFDM symbol of each AUL subframe is punctured.
When AUL is performed within the shared COT acquired by eNB, a short gap is allowed between UL subframes similarly as (e)LAA, and type 2 channel access (25us LBT) should be used. In this case, AUL cannot be performed within the shared COT in a continuous manner, but a 25us LBT is performed before each AUL subframe.
Proposal 5: Type 2 LBT is performed before each AUL subframe.
Further study might be needed to identify valuable use cases, and benefits in performing Cat-4 LTB within the eNB acquired shared COT to perform AUL transmission.
Proposal 6: FFS - Cat-4 LBT performed for AUL transmission within the eNB acquired shared COT.
Since AUL transmission works independently on the eNB’s scheduling, any UL/DL configuration should be allowed within a single COT, and should not be precluded.
Proposal 7: DL-UL-DL is permitted within a single COT.
Mechanism to avoid collision between AUL and SUL 
     As it was briefly discussed in our companion paper [3], there is a need to consider how to avoid collisions between the scheduled transmissions and AUL. It is also possible that the AUL transmissions can collide with each other.
TDM’ed AUL access
     To avoid collisions between different AUL transmissions and also with SUL, it may be helpful to let each AUL UEs to have different PUSCH starting offset. For instance, an AUL transmission may begin within symbol 0 with some random offset. The UEs are expected to perform self-defer until the chosen starting instance. With this random offset, possible collision between TDM’ed AUL transmissions and also with scheduled DL and UL transmissions can be avoided to some degree. For the partial symbol 0, i.e., between the chosen random starting instance and the start of symbol 1, the CP of symbol 1 is extended like in Rel-14 eLAA design.  
Proposal 8: For TDM’ed AUL transmission, a random PUSCH starting position is chosen within the symbol 0. The CP of symbol 1 is extended for the partial symbol transmission in symbol 0. 
FDM’ed AUL access
     In the case of FDM’ed AUL transmission, the use of random offset can induce unintended blocking between UEs. For instance, a UE starting transmission earlier can make the LBT failed at the UEs who have chosen a relatively longer random offset. Therefore, in the case of FDM’ed AUL transmissions, a common offset is necessary. This common offset can be signalled to UEs.
Proposal 9: For FDM’ed AUL transmission, a common PUSCH starting position is singled to and used by AUL UEs. 



Figure 2: Efficient FDM AUL UE multiplexing with single subframe transmission restriction with LBT gap 

     On the other hand, the FDM of AUL is intended for efficient small packet transmission. Thus, it is not expected that a single interlace transmission by one FDM’ed AUL UE will last for multiple consecutive subframes. If then, the UE may utilize the entire interlace in TDM manner. On the other hand, it is also possible that only a few number of FDM configured AUL UEs are transmitting in a given subframe. Then, the AUL transmissions of a single or a few interlaces may occupy the channel and block other transmissions including scheduled DL/UL, TDM’ed AUL, and also FDM’ed AUL transmissions. Therefore, it may be preferable to limit the FDM’ed AUL to single subframe transmission with vacating the last symbol to create the LBT gap for potential other transmissions as illustrated in Figure 2.  
Proposal 10: The FDM’ed AUL transmission is limited to single subframe transmission with last symbol vacated to create LBT gap. 
MCOT sharing with eNB 
     The ETSI BRAN harmonized standard allows the channel access initiating device to grant an authorization to one or more associated responding devices to transmit on the current operating channel [4]. With this, the eNB can share the MCOT obtained by an AUL UE. The AUL UE can indicate the remaining channel occupancy time in the UCI. It is up to eNB on how to utilize it or even not to utilize it. For instance, the eNB may decide to transmit HARQ-ACK feedback for the AUL transmission by the corresponding UE which obtained the MCOT. In another instance, the eNB may decide to transmit PDCCH/PDSCH to other UEs. As it is allowed by ETSI BRAN harmonized standard, the eNB may transmit without performing LBT, if its transmission follows the preceding AUL transmission within 16 us. Otherwise, the eNB is required to perform 25 us single interval LBT.
Proposal 11: The channel occupancy obtained by AUL UE can be shared with eNB. 


Conclusion
In this contribution, we discussed the channel access mechanism for autonomous uplink access and made the following proposals:
Proposal 1: The Cat-4 LBT is used for AUL transmission. The LBT priority class is selected by each AUL UE. 
Proposal 2: The AUL transmission is subject to the CWS adaptation at the UE.
Proposal 3: The AUL transmission is allowed within the eNB acquired shared COT only in and within those subframes scheduled for UL and indicated through C-PDCCH. 
Proposal 4: The last OFDM symbol of each AUL subframe is punctured.
Proposal 5: Type 2 LBT is performed before each AUL subframe.
Proposal 6: FFS - Cat-4 LBT performed for AUL transmission within the eNB acquired shared COT.
Proposal 7: DL-UL-DL is permitted within a single COT.
Proposal 8:For TDM’ed AUL transmission, a random PUSCH starting position is chosen within the symbol 0. The CP of symbol 1 is extended for the partial symbol transmission in symbol 0. 
Proposal 9: For FDM’ed AUL transmission, a common PUSCH starting position is singled to and used by AUL UEs.
Proposal 10: The FDM’ed AUL transmission is limited to single subframe transmission with last symbol vacated to create LBT gap. 
Proposal 11: The channel occupancy obtained by AUL UE can be shared with eNB. 
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