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1. Introduction

In RAN1#90 meeting [1], the following agreements were made related to autonomous UL (AUL) operation.

	Agreements:
· 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,

Agreements:
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 channel access procedure for autonomous UL access.
2. Discussion
As we agreed in RAN1#90 meeting, AUL shall use type 1 channel access at least to acquire the channel outside of the eNB acquired COT. Therefore, we discuss further details on type 1 channel access procedure, such as contention window size (CWS) adjustment and channel access procedure for the case where AUL subframe and dynamically scheduled subframe are consecutive.
2.1. Contention window size (CWS) adjustment

Definition of CWS update reference subframe for SUL/AUL

During email discussion after RAN1#90bis, there was a proposal on how to determine CWS update reference subframe as follows, which can be applicable to AUL as well as SUL.

	Proposal: 

· The reference subframe is the first subframe of the most recent UL (SUL/AUL) burst of contiguous subframes that is transmitted after performing a category 4 LBT procedure with the following timing:

· At least 4 subframes prior to a UL grant reception or an AUL Downlink feedback information 

· The HARQ ID of the reference subframe is HARQ_ID_ref.


Fig. 1 depicts an example of SUL and AUL-DFI transmissions, where SUL corresponds to HARQ ID not configured for AUL. However, as shown in Fig. 1, it seems ambiguous whether or not SUL can be CWS update reference subframe if UE receives AUL-DFI in subframe n but SUL subframe is the first subframe of the most recent UL TX burst before subframe n-3 in which UE performs category 4 LBT. This is because AUL-DFI in subframe n does not contain HARQ-ACK information corresponding to HARQ ID for SUL subframe (associated with HARQ ID not configured for AUL).
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Figure 1. Example of SUL and AUL-DFI transmissions

In our view, there can be two options to handle the above issue.
· Option 1: The first AUL subframe of the most recent AUL burst before the SUL subframe is determined as the reference subframe.
· Option 2: The SUL subframe is determined as the reference subframe, but CWS is unchanged (or increased) for all priority classes.

Proposal #1: If UE receives AUL-DFI in subframe n but SUL subframe (associated with HARQ ID not configured for AUL) is the first subframe of the most recent UL TX burst before subframe n-3 in which UE performs category 4 LBT, consider following options.
· Option 1: The first AUL subframe of the most recent AUL burst before the SUL subframe is determined as the reference subframe.

· Option 2: The SUL subframe is determined as the reference subframe, but CWS is unchanged (or increased) for all priority classes.

CWS update based on NACK information in AUL-DFI corresponding to HARQ ID for SUL
For a HARQ ID configured for AUL, eNB can schedule PUSCH corresponding to the HARQ ID via UL grant. AUL-DFI shall contain HARQ feedback for all HARQ IDs configured for AUL. So, we agreed that UE may trigger new AUL transmission for the HARQ ID if the corresponding AUL-DFI indicated ACK. However, we need further discussion on how to update CWS if the corresponding AUL-DFI indicated NACK and we provide two alternatives as follows.
· Alternative 1: If AUL-DFI corresponding to HARQ ID for SUL indicates NACK, NACK is ignored for CWS update.

· Alternative 2: If AUL-DFI corresponding to HARQ ID for SUL indicates NACK, CWS is increased for all priority classes.

We prefer Alt. 1 since retransmission for the HARQ ID is scheduled by UL grant (not by NACK for the HARQ ID in AUL-DFI). However, if Alt. 2 is adopted, we need to clarify if NACK information in AUL-DFI corresponding to HARQ ID for SUL is always used for CWS increase.
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Figure 2. Example of SUL, UL grant, and AUL-DFI transmissions

For instance as shown in Fig. 2, UE may transmit scheduled PUSCH corresponding to HARQ ID #0 which is configured for AUL. If UE receives retransmission UL grant for HARQ ID #0, UE will increase CWS based on update rule defined in Rel-14 eLAA. After the retransmission UL grant, when UE receives AUL-DFI indicating NACK for HARQ ID #0, UE should not increase CWS since HARQ feedback for HARQ ID #0 is duplicated and UE already increased CWS based on retransmission UL grant.
Proposal #2: NACK information in AUL-DFI corresponding to HARQ ID for SUL but configured for AUL is ignored for CWS update.
CWS update when any UL grant or AUL-DFI is not received between UL transmissions

During email discussion after RAN1#90bis, there was a proposal on how to adjust CWS when any UL grant or AUL-DFI is not received between UL transmissions as captured below.

	Proposal: 

· The contention window size of all priority classes at the UE is increased to the next higher value if:

· A Category 4 LBT UL (SUL/AUL) transmission is initiated at least N subframes after the start of a previous Category 4 LBT UL(SUL/AUL) transmission without the reception of any UL grant or AUL Downlink Feedback Information in between.

· FFS: the exact value N


In general, we agree that it is necessary to increase CWS for all priority classes if UE does not receive any UL grant or AUL-DFI for reference AUL subframe for N subfraems after transmitting reference AUL subframe. In detail, it is reasonable to set N to 8 since the minimum time between two SULs needed for CWS update based on UL grant was 8 subframes in Rel-14 eLAA.

Additionally, the above proposal suggests increasing CWS even when any UL grant is not received between two SULs. However, this event has nothing to do with AUL and Rel-14 eLAA CWS update rule should be applied in this case.
Proposal #3: CWS is increased if category 4 LBT AUL transmission is initiated at least 8 subframes after the start of a previous category 4 LBT AUL transmission without the reception of any UL grant or AUL-DFI in between. FFS between AUL and SUL transmissions.
2.2. Consecutive AUL subframe and dynamically scheduled subframe
In this section, we discuss the case where AUL and scheduled PUSCH (SUL) subframes are consecutive. As shown in Fig. 3-a, SUL subframe can be followed by AUL subframe. If UE can skip configured AUL resource based on buffer status, eNB cannot predict whether UE will perform AUL transmission or not. As a result, eNB can indicate priority class for SUL that does not allow consecutive transmission of SUL and AUL subframe. In this case, UE may perform channel access procedure for AUL transmission after the completion of SUL or override indicated channel access priority class to make consecutive transmission allowed.
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Figure 3-a. SUL subframe is followed by AUL subframe.
Fig. 3-b depicts an example that AUL subframe is followed by SUL subframe. In this case, UE may not detect UL grant for SUL after the start of channel access procedure for AUL transmission. Depending on the relationship between UE-chosen priority class for AUL and DCI-indicated priority class for SUL, UE can transmit AUL and SUL consecutively or perform channel access procedure between AUL and SUL.
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Figure 3-b. AUL subframe is followed by SUL subframe
Proposal #4: Consider channel access procedure for the case where AUL and SUL subframes are consecutively configured.
2.3. Starting position for AUL subframe
Considering the fair channel accessibility between AUL UEs sharing the same frequency resource in the same subframe, it would be beneficial to UE-specifically randomize starting position (e.g., within symbol#0) for AUL subframe. For instance, if UE1 and UE2 are configured with full bandwidth and the same AUL window for AUL transmission, starting positions for those two UEs’ AUL subframes can be differently determined by using pre-configured randomized pattern per AUL window. Additionally, in order to prioritize SUL transmission, the starting position for SUL can be allocated to be earlier than that of AUL.
Proposal #5: Consider starting position randomization with the UE-specific manner to avoid collision and to ensure the fairness between AUL UEs sharing the same time/frequency resource.
3. Conclusion
In this contribution, we provided our views on channel access procedure for autonomous UL access, and proposals are as follows.
Proposal #1: If UE receives AUL-DFI in subframe n but SUL subframe (associated with HARQ ID not configured for AUL) is the first subframe of the most recent UL TX burst before subframe n-3 in which UE performs category 4 LBT, consider following options.
· Option 1: The first AUL subframe of the most recent AUL burst before the SUL subframe is determined as the reference subframe.

· Option 2: The SUL subframe is determined as the reference subframe, but CWS is unchanged (or increased) for all priority classes.

Proposal #2: NACK information in AUL-DFI corresponding to HARQ ID for SUL but configured for AUL is ignored for CWS update.
Proposal #3: CWS is increased if category 4 LBT AUL transmission is initiated at least 8 subframes after the start of a previous category 4 LBT AUL transmission without the reception of any UL grant or AUL-DFI in between. FFS between AUL and SUL transmissions.
Proposal #4: Consider channel access procedure for the case where AUL and SUL subframes are consecutively configured.
Proposal #5: Consider starting position randomization with the UE-specific manner to avoid collision and to ensure the fairness between AUL UEs sharing the same time/frequency resource.
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