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1 Introduction
In RAN1 #90 meeting [1], the basic channel access rules for autonomous UL (AUL) access were discussed and it was agreed that: 
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 RAN1 #91 meeting [2], the CWS adjustment for Cat.4 AUL with UL grant/AUL-DFI reception were discussed and it was agreed that: 

Agreement:
· If the UE receives a UL grant or an AUL-DFI, the contention window size for all the priority classes is adjusted as following:

· The contention window size at the UE is reset for all the priority classes if: 

·  A UL grant is received and the NDI bit for at least one of the active HARQ processes (i.e. TB not disabled) associated with HARQ_ID_ref is toggled ; OR

· An AUL-DFI is received and indicates ACK for at least one of the active HARQ processes (i.e. TB not disabled) associated with HARQ_ID_ref

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

· A UL grant is received and the NDI bit(s) of all the active HARQ processe(s) for the reference subframe are not toggled; OR

· A UL grant is received and does not schedule any active HARQ process (i.e. TB not disabled) for the reference subframe; OR

· An AUL-DFI is received which does not indicate ACK for at least one of the active HARQ processes for the reference subframe.

· The CWS is reset to the minimum value if the maximum CWS is used for K consecutive LBT attempts for transmission only for the priority class for which maximum CWS is used for K consecutive LBT attempts. 

· K is selected by UE implementation from the set of values from (1, …,8).

· The NDI value(s) received in the UL grant or the HARQ-ACK value(s) received in the earliest AUL-DFI after n_ref+3 is used for adjusting the CWS, where n_ref is the reference subframe.

· HARQ_ID_ref is the HARQ ID of n_ref.

· RAN1 shall specify the CWS adjustment for the case of no A/N reception until which the UE is not allowed to perform Cat.4 LBT and transmit AUL in case of no A/N  or UL grant reception.

· FFS: Handling of ACK/NACK or UL grant in case multiple consecutive recent Cat.4 LBT AUL bursts were transmitted without waiting for any AUL-DFI or UL grant.

In this contribution, we discuss the remaining details on AUL channel access, including the CWS adjustment for AUL without UL grant/AUL-DFI reception, the LBT and DL CWS adjustment rule for AUL within the DL MCOT, design of UE-specific starting position, and the support of sharing UL MCOT to DL.
2 CWS adjustment for AUL without UL grant or AUL-DFI reception
The CWS adjustment rule for Cat.4 AUL burst with received UL grant or AUL-DFI was agreed in the last meeting. How to adjust the CWS without the reception of UL grant or AUL-DFI after a previous UL burst still needs further study. 

If the eNB fails to detect the DMRS or AUL-UCI of the AUL transmission, the eNB will not feedback HARQ-ACK to the UE and the CWS should be doubled for the next AUL transmission. On the other hand, the eNB may not immediately feedback the HARQ-ACK for detected AUL due to DL LBT failure, or the eNB may want to delay the HARQ feedback to include more valid HARQ-ACKs in one AUL-DFI even if the AUL transmission has been ACKed, thus it is not reasonable to always double the CWS if no UL grant or AUL-DFI is received. 
As a tradeoff, a timer can be introduced, where the UE can start the timer after transmitting a Cat.4 UL burst. If the timer expires and no UL grant or AUL-DFI is received, the UE shall double the CWS before transmitting the next AUL burst. The start of the timer can be the 1st subframe of the UL burst, and the length of the timer can be RRC configured to provide more flexibility to comply with the regulations over countries/regions. For example, the length of the timer N can be configured as a relatively small value to guarantee friendly co-existence with Wi-Fi if the absence of other technologies on the same carrier cannot be guaranteed, and N can be configured as a large value if the absence of other technologies on the same carrier can be guaranteed.
On the other hand, it should be allowed for the UE to transmit AUL burst with unchanged CWS before the timer expires if no UL grant or AUL-DFI is received. Considering the HARQ-ACK feedback delay is 4ms but the MCOT length is 2ms for class 1, the UE has to wait at least 2ms for HARQ feedback or double the CWS after every short AUL burst if the UE has class 1 traffic, thus the channel utilization is critically harmed. It should be noted that the R13 LAA system and R14 eLAA system also support unchanged CWS for a Cat.4 burst if it is transmitted close to a previous Cat.4 burst. 
As shown in Figure 1, after a previous AUL burst 1, if the UE decides to transmit a next AUL burst 2 and the timer has expired without receiving UL grant or AUL-DFI, the CWS should be doubled, and the UE can keep the CWS unchanged for AUL burst 2 if the timer does not expire.
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Figure 1. The CWS should be doubled when the timer of a previous AUL burst expires
In addition, the UL CWS should not be over punished. For the case where a previous burst for which the timer has expired before the current AUL burst, and if there is another AUL burst in between for which the CWS has been already doubled and the timer after the closer AUL burst does not expire, then the UL CWS for the current AUL burst should not be doubled again. E.g., a single timer is maintained, which restarts to count down after a burst for which the CWS has been doubled. As shown in Figure 2, when the CWS has been doubled for AUL burst 3 due to the timer T1 expiration, the timer T2 should be restarted after AUL burst 3, and the CWS for the AUL burst 4 within the timer T2 should not be doubled again when there is no UL grant or AUL-DFI in between. 
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Figure 2. Over punishment should be avoided for the CWS update in case of no A/N reception

Proposal 1: The UL CWS for the UE should be adjusted as follows:
· If there exists a previous UL burst using Cat.4 channel access, after the starting of which, N ms has expired and no UL grant or AUL-DFI is received, the CWS at the UE is increased to the next higher value for all the priority classes.
· If there exists a previous UL burst using Cat.4 channel access, after the starting of which, N ms has not expired and no UL grant or AUL-DFI is received, the CWS at the UE is unchanged for all the priority classes.
· Otherwise, the CWS at the UE is adjusted for all priority classes based on the received UL grant or AUL-DFI as agreed in [2].
Proposal 2: The length of the timer N is a RRC configured value, where N can be configured as a small value if the absence of other technologies on the same carrier cannot be guaranteed, and N can be configured as a large value otherwise. 
Proposal 3: It should be considered to avoid over punishment on CWS adjustment.
3 LBT rule for AUL within the DL MCOT

Considering the case that the traffic for S-UL is not sufficient to occupy all the remaining DL MCOT, it is beneficial to allow AUL to transmit within the DL MCOT by using 25 us LBT to achieve fast channel access. The AUL within the MCOT could be multiplexed with S-UL with TDM or FDM manner. By monitoring CPDCCH, the AUL UE could determine the remaining MCOT and thereby the LBT type similar to eLAA. Therefore, Option 2 is preferred, i.e., the AUL should be allowed to be transmitted within the DL MCOT by using 25us LBT. 
Proposal 4: The eNB may allow AUL within the eNB acquired shared COT in subframes belonging to the UL subframes indicated with CPDCCH using 25us LBT.
Actually in Rel-13 and Rel-14, in order to guarantee fair co-existence and comply with the regulation, some restrictions on the transmission on unlicensed spectrum are defined and specified. Regarding to downlink transmission as well as the downlink and uplink sharing within DL MCOT, the following rules are introduced.

Rule 1: The transmission duration of the DL transmission burst shall not exceed the minimum duration needed to transmit all available buffered traffic corresponding to Channel Access Priority Class(es) ≤ P;

Rule 2: For uplink LAA operation, the eNB shall not schedule the UE more subframes than the minimum necessary to transmit all the traffic corresponding to the selected Channel Access Priority Class or lower, than the:

-Channel Access Priority Class used by the eNB based on the downlink traffic, the latest BSR and received UL traffic from the UE if type 2 uplink channel access procedure is signalled to the UE.

Considering all the above rules, we can conclude that the motivation is to restrict the transmission duration for the traffic corresponding to some certain priority class(es) when we defining these principles. That is for downlink, after the eNB determines the channel access priority class, e.g. P, the transmission duration shall not exceed the minimum duration to transmit all the traffic corresponding to or lower than P. As for downlink and uplink sharing within DL MCOT, the UE shall not be scheduled more subframes than the minimum to transmit all the traffic corresponding to or lower than P. This is to guarantee that traffic with priority class larger than P (lower traffic priority than P) is not transmitted. 

In Rel-15, similar guideline should also be defined if the eNB allows AUL with 25us LBT within the DL MCOT by 25us LBT. E.g. the UE shall not transmit more subframes than the minimum to transmit all the traffic corresponding to or lower priority class than indicated by eNB.
Different from Rel-14, there is no scheduled uplink grant for AUL. To satisfy Rule 2, the eNB should inform the priority class
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 can be generated by the legacy rule in Subclause 5.7 and Subclause 5.7.1 of [3]. On the other hand, as mentioned in our companion contribution [4], UE determines the priority class for AUL transmission 
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 by considering the lowest traffic type in buffer. Considering that eNB may not have BSR of the AUL UE, 
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 may not take into consideration of AUL traffic type. Thus it should be ensured by AUL UE not to transmit traffic with lower priority class than 
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. When detecting the CPDCCH, the UE can compare 
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, and transmits AUL burst within DL MCOT using 25us LBT if AUL priority class 
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. Otherwise the AUL UE is not allowed to transmit AUL burst within the DL MCOT by 25us LBT. 
In this way, the UE can start packeting MAC PDU as soon as the UL traffic arrives and transmit AUL PUSCH with 25us LBT within DL MCOT after detecting CPDCCH with 
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. On the other hand, the UE does not need to drop the packet if 
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 since it can still use Cat.4 LBT to access the channel within the MCOT.
Proposal 5: The eNB indicates the DL priority class 
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 in CPDCCH. The UE compares 
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 in CPDCCH to decide whether to transmit AUL within DL MCOT with 25us LBT.

· If 
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, UE is not allowed to transmit AUL within the DL MCOT using 25us LBT. Otherwise, UE may transmit AUL within the DL MCOT using 25us channel access.

· UE is still allowed to perform Cat.4 LBT within the DL MCOT.
For the DL CWS adjustment for UL grant only case, it may not be reasonable to contribute the AUL decoding status to the DL CWS adjustment, since it is out of eNB’s control that whether AUL is transmitted or not. On the other hand, since the AUL resources may probably configured for multiple AUL UEs, how to count the NACK number in case of no AUL PUSCH detection is not clear. To avoid over punishment and simplify the CWS adjustment rule, the eNB can ignore all the configured AUL transmissions within DL MCOT regardless it is detected or not, and take into consideration only the S-UL transmission for DL CWS adjustment as legacy eLAA does.
Proposal 6: The configured AUL transmissions within the DL MCOT should be ignored regardless it is detected or not for DL CWS adjustment of UL grant without PDSCH. 
4 UE-specific starting position for avoiding collision

For full-bandwidth AUL, random UE-specific starting position could be introduced for the AUL UE allocated with full-bandwidth to avoid intra-cell UE collision, where the starting position for a UE should be randomly selected by the UE for each AUL burst from a configured set. 
For partial-bandwidth AUL, considering multiple AUL UEs allocated with partial-bandwidth could be FDM multiplexed with each other, the starting position of FDMed UEs should be aligned to avoid intra-cell UE blocking. On the other hand, to balance the channel contention priority between full-bandwidth AUL UEs and partial bandwidth AUL UEs, the partial bandwidth AUL UE can also be configured with a UE-specific starting position value which is fixed for each AUL burst.

The UE can differentiate whether it is activated as full-bandwidth or partial-bandwidth by RA indication in activation DCI, applying the random UE-specific starting position if it is activated as full-bandwidth UE, and applying fixed UE-specific starting position otherwise. To simplify the design, the UE-specific starting position for a UE with partial-bandwidth can be configured as a value from the starting position set of full-bandwidth.
The starting position of AUL could be delayed to be later than 25us after OS0 as mentioned in our companion contribution [5] to give higher channel access priority to other S-UL UEs, i.e. the S-UL UE can block the AUL UE after accessing the channel. Therefore, the UE-specific starting position set/value for UE within MCOT and outside MCOT should be separately specified/configured.
Proposal 7: The UE-specific starting position for full-bandwidth UE should be randomly selected from a configured set, and the UE-specific position for partial-bandwidth UE should be configured as a fixed value.
5 UL MCOT sharing
As regulated in ETSI BRAN [6], the “Initiating Device” may “grant an authorization to transmit on the current Operating Channel to one or more Responding Devices”. For DL MCOT sharing, the eNB accessing the channel with Cat.4 LBT is considered as the “Initiating Device” while the UE(s) sharing the DL MCOT is considered as the “Responding Devices”. It could be considered to apply the similar principle for UL MCOT sharing as is a reversed operation of DL MCOT sharing, where the AUL UE accessing the channel with Cat.4 LBT could be considered as the “Initiating Device” while the eNB sharing the UL MCOT could be considered as the “Responding Device”. It is beneficial for the eNB to fast access the channel by 25us LBT within the shared UL MCOT from the AUL UE if the MCOT is not fully occupied by the AUL burst. At least PDCCH should be allowed for fast feedback of HARQ-ACK to the AUL UEs.
The UL MCOT information, e.g., the remaining MCOT, could be indicated to the eNB by the AUL-UCI for AUL as mentioned in our companion contribution [7], which could be regarded as the “authorization” as mandated in the regulation. 
To create the gap for the eNB to perform 25us channel sensing for the DL transmission, the last symbol of the AUL burst could be dropped. The eNB can distinguish the last subframe of the AUL burst for correct rate matching by the remaining MCOT indicated in AUL-UCI of a previous AUL subframe.
Proposal 8: It could be considered to share the UL MCOT initiated by the AUL UE using Cat.4 LBT to the eNB for at least PDCCH transmission with 25 us LBT. 
· The last symbol of the AUL burst can be dropped for 25us channel sensing of the eNB.

6 Conclusions
In this contribution, we discussed the remaining details on channel access issues for the AUL transmission, including the CWS adjustment for AUL without UL grant/AUL-DFI reception, the LBT and DL CWS adjustment rule for AUL within the DL MCOT, design of UE-specific starting position, and the support of sharing UL MCOT to DL. Based on the discussions, we have the following proposals: 
Proposal 1: The UL CWS for the UE should be adjusted as follows:
· If there exists a previous UL burst using Cat.4 channel access, after the starting of which, N ms has expired and no UL grant or AUL-DFI is received, the CWS at the UE is increased to the next higher value for all the priority classes.
· If there exists a previous UL burst using Cat.4 channel access, after the starting of which, N ms has not expired and no UL grant or AUL-DFI is received, the CWS at the UE is unchanged for all the priority classes.

· Otherwise, the CWS at the UE is adjusted for all priority classes based on the received UL grant or AUL-DFI as agreed in [2].
Proposal 2: The length of the timer N is a RRC configured value, where N can be configured as a small value if the absence of other technologies on the same carrier cannot be guaranteed, and N can be configured as a large value otherwise. 

Proposal 3: It should be considered to avoid over punishment on CWS adjustment.
Proposal 4: The eNB may allow AUL within the eNB acquired shared COT in subframes belonging to the UL subframes indicated with CPDCCH using 25us LBT.
Proposal 5: The eNB indicates the DL priority class 
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 in CPDCCH to decide whether to transmit AUL within DL MCOT with 25us LBT.

· If 
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, UE is not allowed to transmit AUL within the DL MCOT using 25us LBT. Otherwise, UE may transmit AUL within the DL MCOT using 25us channel access.

· UE is still allowed to perform Cat.4 LBT within the DL MCOT.
Proposal 6: The configured AUL transmissions within the DL MCOT should be ignored regardless it is detected or not for DL CWS adjustment of UL grant without PDSCH. 
Proposal 7: The UE-specific starting position for full-bandwidth UE should be randomly selected from a configured set, and the UE-specific position for partial-bandwidth UE should be configured as a fixed value.

Proposal 8: It could be considered to share the UL MCOT initiated by the AUL UE using Cat.4 LBT to the eNB for at least PDCCH transmission with 25 us LBT. 
· The last symbol of the AUL burst can be dropped for 25us channel sensing of the eNB.
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