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Introduction
In this contribution, we provide our views on remaining issues related to channel access for autonomous uplink transmissions on LAA SCells, i.e.: 
· CW adjustment for the case of no A/N reception
· AUL to DL MCOT sharing 
· DL to AUL MCOT sharing 
[bookmark: _Ref178064866]Discussion
Channel Access  
CW adjustment
RAN1 agreed on the following during RAN1#91 [1]: 

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.

One case, yet to be specified, is CW adjustment for the case of no A/N reception. It has been discussed during previous meetings that the UE starts a timer with the start of each CAT4 UL burst and must react in response to the timer expiry. In here, we provide a detailed description of our proposal assuming a timer N = 6. 

One/Multiple timer expire(s) 
[image: ]
Before initiating a new CAT4 LBT, if one or multiple timers expire due to no feedback reception, the contention window size of all priority classes at the UE is increased to the next higher value as shown in case 1 and 2.

Timer expires + late feedback
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RAN1 agreed that the timing relationship between AUL transmission and corresponding UL HARQ feedback is not fixed [2]. Thereby, it could happen that the UE receives a positive “ACK” for the HARQ_ID_ref that was assumed “NACK” after the timer expires, as shown in case 1. 

The following was agreed during RAN1#91 Reno meeting [1]: 

Agreement:
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 
· FFS: multiple reference subframes can be supported

According to the agreement above, the UE may reset the contention window after the reception of the “ACK” in case 1. However, this is not true for case (2). In fact, according to the definition of the reference subframe in the agreement, the reference subframe for CW adjustment at k+10 would be the transmission at k+3. As a result, the CW at k+10 should be doubled from 2*CW to 4*CW.  It is not consistent that the CW is increased upon timer expiry but not corrected when the missing information is available. Therefore, we believe that upon the reception of the “ACK” in case (2), the UE should reset the CW. Afterwards, before initiating a new CAT4 LBT, the UE shall adjust the CW in response of reception of explicit NACK feedback (or presumed NACK) for the reference subframe (k+3).
The reception of the “NACK” in case (3), confirms that the decision to double the CW upon T1 expiry was correct, therefore the CW is not reset. Afterwards, before initiating a new CAT4 LBT, the UE doubles the CW from 2*CW to 4*CW in response of explicit NACK feedback (or presumed NACK) for the reference subframe (k+3).

If the UE increases the contention to the next higher value due to timer expiry and receives a positive feedback corresponding to the HARQ ID linked the latest expired timer, the UE may reset the CW. 
Multiple Timer expire + late feedback
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This section is an extension of the previous section. The assumption in the above examples is that in: 
· Case 1: subframe “k” Acked, subframe “k+3” Nacked 
· Case 2: subframe “k” Nacked, subframe “k+3” Acked. 

The same rule applies as in the case of single timer expiry. The feedback corresponding to the latest expired timer is what reflects the channel situation. Therefore, in case 1, the CW is unchanged since k+3 is Nacked, while in case 2, the UE resets the CW before initializing a new CAT4 LBT.

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 after at least one feedback timer (N) expired without the reception of any UL grant or AUL Downlink feedback
· Feedback timer is initiated after the start of a category 4 LBT UL(SUL/AUL).
· Feedback timer, N = 6
· A timer is started for each Category 4 LBT (SUL/AUL)
· There can be multiple outstanding previous Category 4 LBT (SUL/AUL) transmissions without any UL grant or AUL-DFI
· If the UE increases the contention to the next higher value due to timer expiry and receives a positive feedback corresponding to the HARQ ID linked the latest expired timer, the UE may reset the CW. 
UE acquired MCOT
EN 301 893 defines two device categories: initiating and responding devices. A UE that gains a COT may share this COT with the eNB. To do so, the UE must acquire the COT by a regular backoff/contention period, of course. There are no restrictions that a UE cannot be an initiating device. The EN 301 893 concept of an "initiating device" is independent of the device being an AP, a non-AP STA, a UE, or an eNB. Thereby, by EN 301 893 definition, a UE can share an MCOT. 

Besides, Wi-Fi, since 802.11n version, supports reverse direction grant feature that enables UL to DL COT sharing. IEEE Std 802.11-2016 defines how RDG works: 

· The RD initiator sends its permission to the RD responder using a Reverse Direction Grant (RDG)  […] A bit is used by the RD initator for granting permission (RDG) to the RD responder, and it is used by the RD responder to signal whether or not it is sending more frames immediately following the one just received (More PPDU).
· The first (or only) PPDU of the RD response burst contains at most one immediate BlockAck or Ack frame. The last (or only) PPDU of the RD response burst contains any MPDUs requiring a response that is an immediate BlockAck or Ack frame.
· The RD responder shall transmit Data frames of only the same AC as the last frame received from the RD initiator. 
· During an RD response burst any PPDU transmitted by an RD responder shall contain at least one MPDU with an Address 1 field that matches the MAC address of the RD initiator, and the inclusion of traffic to STAs other than the RD initiator in a VHT MU PPDU shall not increase the duration of the VHT MU PPDU beyond that required to transport the traffic to the RD initiator.
· The RD responder shall not transmit any frame causing a response after SIFS with an Address 1 field that does not match the MAC address of the RD initiator.

If the following conditions are mapped to UL to DL sharing in LAA, and taking in consideration coexistence aspects with other technologies, the following should be guaranteed:  
· No subframe level gap between the UL and DL part. 
· In terms of priority class, it should be similar to eNB to UE sharing (eNB should follow the same/higher priority class that was used to initiate the MCOT by the UE) 
· eNB should not transmit beyond the indicated remaining COT by the UE
· eNB should send at least data/control to the UE initiating the COT. 
· eNB cannot share the indicated remaining COT with other UEs. 

Therefore, we propose the following: 

Proposal: 
· A UE initiated COT using Cat4 LBT can be shared with the eNB 
· To utilize the COT acquired by the AUL UE, the eNB must send at least DL control information to the UE which acquired the COT within the indicated DL subframes.
· The eNB may send control information or data to any UE provided that the transmission duration does not exceed the minimum time required to transmit control and data to the UE which acquired the TXOP.
· The type of the traffic that can be carried in the DL part of the UL shared COT belong the same or higher LBT priority class that is used by the UE to access the channel.
· Short gaps (up to 2 OS) between UL and DL subframe are allowed similarly as in (e)LAA 
· eNB does not need to perform LBT within a UE acquired COT if the gap is ≤ 16 µs.
· eNB uses type 2 channel access (25 µs LBT) within a UE acquired COT if the gap ≥ 25 µs.
· UL-DL-UL sharing is not allowed. 
· The remaining MCOT and LBT priority class is indicated to the eNB through the AUL-UCI. 

eNB acquired MCOT
During RAN1#90 meeting, it was agreed to down select 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. 

from our perspective, in certain cases, it is beneficial to support option 2. However, there should be a guaranteed possibility to prioritize scheduled UL because: (1) the LBT offset alone does not guarantee that the SUL always starts before AUL transmission, since the random offset is selected by the UE, (2) UEs might be hidden from each other and therefore end up colliding. To do so, the eNB should have the flexibility to allow or disallow AUL transmission within the indicated period using 1-bit flag on C-PDCCH.
Proposal: 
· eNB may disable AUL resources via new signaling on C-PDCCH.
· disabled AUL resources are indicated by the UL duration by C-PDCCH (i.e. from the start until the end of the signaled UL burst duration)

If the AUL UE is allowed to access the channel within the subframe in which C-PDCCH was received up to the start of the signalled UL burst duration (i.e. the gap between the C-PDDH reception and the corresponding UL burst), the UE still needs to terminate the ongoing AUL burst before the start of the signalled UL burst to protect the scheduled transmissions. Additionally, the last OS of the last subframe in the AUL burst is punctured to introduce LBT gap. 

Proposal: 
· A UE that starts an AUL transmission using CAT4 after the subframe in which C-PDCCH was received must terminate the AUL transmission burst before the start of the signaled UL burst duration

[bookmark: _Hlk498706112]Proposal: 
· The eNB by an indication in C-PDDCH, 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

CW handling in case of no PDSCH transmission is still an open issue. In case of no PDSCH transmission, the following agreement was made during eLAA [3]: 
 Agreement: (RAN1#86)
If the eNB schedules UL transport blocks with 25 us LBT in a shared channel occupancy without scheduling any DL transport blocks and if less than 10% of the scheduled UL transport blocks have been received successfully, the eNB increases its contention window size, otherwise the eNB resets its contention window.

It is different case for the AUL since even if the eNB allow AUL transmission within the indicated period, the AUL might not have data to transmit. Only if the eNB detects the AUL transmission within the indicated UL transmission, the eNB may take the AUL transmission in consideration when updating the contention window. 

Proposal: 
· In case of no PDSCH transmission and AUL is allowed within the eNodeB acquired shared COT, the eNB may take the AUL transmission in consideration when updating the contention window only if the eNB detects the AUL transmission within the indicated UL transmission.

Conclusion
In this contribution, we provide our view on channel access for LAA autonomous UL transmissions. accordingly, we propose the following: 
Proposal 1: 
· 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 after at least one feedback timer (N) expired without the reception of any UL grant or AUL Downlink feedback
· Feedback timer is initiated after the start of a category 4 LBT UL(SUL/AUL).
· Feedback timer, N = 6
· A timer is started for each Category 4 LBT (SUL/AUL)
· There can be multiple outstanding previous Category 4 LBT (SUL/AUL) transmissions without any UL grant or AUL-DFI
· If the UE increases the contention to the next higher value due to timer expiry and receives a positive feedback corresponding to the HARQ ID linked the latest expired timer, the UE may reset the CW. 

Proposal 2: 
· eNB may disable AUL resources via new signaling on C-PDCCH.
· disabled AUL resources are indicated by the UL duration by C-PDCCH (i.e. from the start until the end of the signaled UL burst duration)
Proposal 3: 
· A UE that starts an AUL transmission using CAT4 after the subframe in which C-PDCCH was received must terminate the AUL transmission burst before the start of the signaled UL burst duration

Proposal 4: 
· The eNB by an indication in C-PDDCH, 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
Proposal 5: 
· In case of no PDSCH transmission and AUL is allowed within the eNodeB acquired shared COT, the eNB may take the AUL transmission in consideration when updating the contention window only if the eNB detects the AUL transmission within the indicated UL transmission.
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