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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 this contribution, we discuss the detailed channel access issues for the autonomous UL (AUL) transmission, including the CWS adjustment for AUL outside the DL MCOT, the LBT and DL CWS adjustment rule for AUL within the DL MCOT, how to avoid intra-cell AUL UE collision, and the support of sharing UL MCOT to DL.
2 CWS adjustment for AUL
As agreed in last meeting, the UL CWS adjustment should also follow the same rule as that for Schedule-based-UL(S-UL) transmission, i.e., the CWS is reset to minimum if the reference subframe is successfully received and increased otherwise, where the reference subframe can be the first subframe of the latest UL burst before n-3 accessed by Cat.4 LBT regardless it is S-UL burst or AUL burst, and n is the subframe on which DCI including HARQ-ACK is received. Considering a new DCI, namely Autonomous DCI (A-DCI) is suggested to be introduced to indicate HARQ-ACK without scheduling information, the DCI for determining reference subframe could be either UL grant or A-DCI. 
Proposal 1: The reference subframe can be the first subframe of the latest UL burst before n-3 accessed by Cat.4 LBT regardless it is S-UL burst or AUL burst, and n is the subframe on which either UL grant or A-DCI is received.
In addition, some further issues are discussed as below.

Valid HARQ-ACK in A-DCI for adjusting UL CWS
If UL grant is received, it is natural to reuse the eLAA rule that if the NDI of at least one HARQ ID for the reference subframe is toggled, then the UL CWS is reset to the minimum value. Otherwise the UL CWS is doubled to the next higher value.

If A-DCI is received, the ACK or NACK in A-DCI for the HARQ ID used for the reference subframe should be used for UL CWS adjustment. But as suggested in our companion contribution [2], the HARQ-ACK in A-DCI is bitmap based, and the default value of the bitmap is NACK. It is possible that multiple A-DCIs are received by the UE after the reference subframe, e.g., the first A-DCI includes the valid HARQ-ACK for the reference subframe, and the next A-DCI includes the valid HARQ-ACK for the remaining subframes while the HARQ-ACK bit for the HARQ ID of the reference subframe is reset to NACK. In this case, if a HARQ_ID_ref is used for the reference subframe n_ref, only the HARQ-ACK for that HARQ ID in the earliest received A-DCI after n_ref +3 is the valid HARQ-ACK, and should be used for UL CWS adjustment.

[image: image1.emf] 

CWS=31

Reference SF: 

H0

A-DCI

H0=ACK

A-DCI

H0=NACK 

(reset)

A/N Pending A/N

CWS=15


Figure 1. The earliest received HARQ-ACK should be valid HARQ-ACK for UL CWS adjustment

Proposal 2: The NDI in UL grant or the HARQ-ACK for HARQ_ID_ref of the reference subframe n_ref in the earliest received A-DCI after n_ref + 3 should be used for UL CWS adjustment.
No UL grant or A-DCI reception between two consecutive AUL bursts
In Rel-14 eLAA, in case of no grant reception for the reference subframe before transmission of the current burst, the UL CWS should be doubled. This rule could be reasonable for eLAA, since eNB can guarantee to transmit the grant for the HARQ process ID related to the previous reference subframe before the current burst. However, the case could be difference for AUL transmission. 
Between two consecutive AUL burst, there could also be the similar case where neither UL grant nor A-DCI is received. This case could happen for several reasons. First, the eNB may miss detect  the DMRS of the AUL burst. Second, the eNB may detect the DMRS for AUL burst but does not decode the A-UCI carrying the HARQ process ID. For these two cases, eNB would not transmit any feedback including grant and A-DCI between the two AUL burst, and the UL CWS is reasonable to be doubled. Third, eNB successfully detects the DMRS of AUL and decodes the A-UCI and the PUSCH, but eNB fails to transmit the grant or A-DCI due to DL LBT failure. Last, even if the AUL is ACKed and DL LBT succeeds, eNB has the flexibility to hold the ACK for AUL for a while to reduce the DCI overhead. However, the next AUL transmission is out of eNB’s control, therefore, such the case of no grant or A-DCI reception happens. For the last two cases, it could be over punished for the UL CWS is doubled. 
To solve the above issue and for a tradeoff, a timer can be introduced for the UL CWS adjustment for the case of no grant or A-DCI reception between two consecutive AUL bursts. The length of the timer could be 10ms or 20ms length for leaving some margin for DL channel access or also achieving A-DCI feedback for multiple AUL processes. As shown in Figure 2, when the next AUL burst exceeds the timer of the previous AUL burst, the UL CWS should be doubled; otherwise, it should be kept unchanged. 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. 
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Figure 2. The CWS should be doubled when the timer of a previous AUL burst expires
Proposal 3: For CWS adjustment for an AUL burst, in case there exists a previous AUL burst after which no UL grant or A-DCI is received, if a timer expires after the previous burst, the CWS should be doubled; otherwise the UL CWS should keep unchanged.
· Other cases could be analyzed in order for the UL CWS not being over punished.
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. The starting position of AUL could be delayed to be later than 25us after OS0 as mentioned in our companion contribution [3] 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. The eNB could also disable the AUL within the MCOT by e.g., RRC signaling, if the eNB wants to avoid hidden node issue between S-UL UE and AUL UE.
Proposal 4: The eNodeB may allow AUL within the eNodeB acquired shared COT.
In addition, some further issues are discussed below.
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. 
Proposal 5: The reception of the AUL within the eNB acquired MCOT should be ignored for DL CWS adjustment in case of UL grant without PDSCH. 
If a S-UL burst is time contiguous after a AUL burst, then the AUL burst would possibly block other intra-cell UEs that are scheduled to be FDM multiplexed with the S-UL burst. The contiguous transmission of AUL and S-UL leaves no gap for channel sensing for other UEs. If a AUL burst is time contiguous after a S-UL burst, then the AUL may collide with another S-UL UE and which is FDM multiplexed with the S-UL burst but lasts later than the end of the S-UL burst. 
Proposal 6: There is no strong motivation to support time contiguous AUL burst and S-UL burst in back-to-back manner, since the AUL burst would probably block other intra-cell UEs that are scheduled to be FDM multiplexed with the S-UL burst which is later than the AUL burst.
4 UE-specific offset for avoiding collision

For full-bandwidth AUL, UE-specific offset could be introduced for the AUL UE allocated with full-bandwidth to avoid intra-cell UE collision. For partial-bandwidth AUL: Considering multiple AUL UEs allocated with partial-bandwidth could be FDM multiplexed with each other, aligned starting position among these partial-bandwidth AUL UEs should be configured to avoid intra-cell UE blocking. 
In addition, as the full-bandwidth AUL and partial-bandwidth AUL may contend for the same resources, the partial-bandwidth AUL should also add a UE-specific offset configured by the eNB so that the eNB can balance the channel access priority between full-bandwidth AUL UE and partial-bandwidth AUL UE. It should be noted that the UE-specific offset for partial-bandwidth AUL UE should be fixed for each AUL burst.
The UE could differentiate whether it is activated as full-bandwidth or partial-bandwidth by RA in activation DCI, and applies the random UE-specific offset if it is activated as full-bandwidth UE, and applies fixed UE-specific offset otherwise.
Considering the starting position after adding UE-specific offset is between OS 0 and OS 1, CP extension should be transmitted between the starting position  and the data which starts at OS 1.
Proposal 7: A UE-specific offset could be added on the starting position for the AUL UE to avoid intra-cell UE collision.
Proposal 8: CP extension should be used from the starting position to OS1.
5 UL MCOT sharing
As regulated in ETSI BRAN [4], 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. 

The UL MCOT information, e.g., the remaining MCOT, could be indicated to the eNB by the Autonomous UCI (A-UCI) for AUL as mentioned in our companion contribution [4], which could be regarded as the “authorization” as mandated in the regulation. 
Proposal 9: It could be considered to share the UL MCOT initiated by the AUL UE using Cat.4 LBT to the eNB for DL transmission by using 25 us LBT. 
6 Conclusions
In this contribution, we discussed the detailed channel access issues for the AUL transmission, including the CWS adjustment for AUL outside the DL MCOT, the LBT and DL CWS adjustment rule for AUL within the DL MCOT, how to avoid intra-cell AUL UE collision, and the support of sharing UL MCOT to DL. Based on the discussions, we have the following proposals: 
Proposal 1: The reference subframe can be the first subframe of the latest UL burst before n-3 accessed by Cat.4 LBT regardless it is S-UL burst or AUL burst, and n is the subframe on which either UL grant or A-DCI is received.
Proposal 2: The NDI in UL grant or the HARQ-ACK for HARQ_ID_ref of the reference subframe n_ref in the earliest received A-DCI after n_ref + 3 should be used for UL CWS adjustment.

Proposal 3: For CWS adjustment for an AUL burst, in case there exists a previous AUL burst after which no UL grant or A-DCI is received, if a timer expires after the previous burst, the CWS should be doubled; otherwise the UL CWS should keep unchanged.

· Other cases could be analyzed in order for the UL CWS not being over punished.
Proposal 4: The eNodeB may allow AUL within the eNodeB acquired shared COT.
Proposal 5: The reception of the AUL within the eNB acquired MCOT should be ignored for DL CWS adjustment in case of UL grant without PDSCH. 
Proposal 6: There is no strong motivation to support time contiguous AUL burst and S-UL burst in back-to-back manner, since the AUL burst would probably block other intra-cell UEs that are scheduled to be FDM multiplexed with the S-UL burst which is later than the AUL burst.
Proposal 7: A UE-specific offset could be added on the starting position for the AUL UE to avoid intra-cell UE collision.

Proposal 8: CP extension should be used from the starting position to OS1.
Proposal 9: It could be considered to share the UL MCOT initiated by the AUL UE using Cat.4 LBT to the eNB for DL transmission by using 25 us LBT. 
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