3GPP TSG RAN WG1 Meeting #92                                                             	         R1-1802363
Athens, Greece, February 26th – March 2nd, 2018  

[bookmark: Source]Agenda Item:          6.2.2.3.3
Source: 		Intel Corporation
Title:	Remaining details for Channel Access Mechanism for Autonomous UL Transmission  
Document for: 	Discussion/Decision
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. In these regards, in the previous RAN1 meeting the following agreements were made [2]:

	Agreements:

· 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.





Furthermore, during the last email discussion on this topic ([91-LTE-03]) [3], the following agreements were made:



	Agreements:

· When an AUL UE is allocated to occupy the full channel bandwidth, i.e., all the interlaces, the UE is configured with AUL-specific PUSCH start offset value range for AUL transmission. The randomly generated offset within a specific range is supported for an AUL UE.
·         UE can be separately configured with different value ranges for the AUL transmission outside of eNB’s obtained MCOT and for the AUL transmission inside of eNB obtained MCOT.
·         For AUL transmissions outside of eNB obtained MCOT, an AUL UE can randomly select an offset value from the following set: {16, 25, 34, 43, 52, 61, OS #1}.
·         For AUL transmissions inside of eNB obtained MCOT, an AUL UE can randomly select an offset value from the following set: {34, 43, 52, 61, OS #1}.
Note: The specific offset that is randomly selected by the UE is not signaled to the eNB.
· When an AUL UE is allocated to occupy partial channel bandwidth, i.e., not all the interlaces, the UE is RRC configured with exact AUL-specific PUSCH start offset value for AUL transmission. 
•       UE can be separately configured with different value offset for the AUL transmission outside of eNB obtained MCOT and for the AUL transmission inside of eNB obtained MCOT.
•    The set of values for AUL transmission outside of eNB obtained MCOT and for the AUL transmission inside of eNB obtained MCOT are the same as those defined for AUL UEs configured to occupy the full channel bandwidth.





In this contribution, we use AUL and SUL, as short for autonomous UL and scheduled UL, respectively, for simplicity. 
CW update for AUL
During the previous RAN1 meeting [2], a CWS mechanism, which mimics that of eLAA Rel-14, has been agreed, keeping in mind that additional rules and mechanism would be needed for the case when there is no ACK/NACK reception or UL grant reception following a Cat-4 LTB transmission. In this context, one option that has been discussed in past meetings among companies would be to use a timer to update the contention window size (CWS). In particular, if the timer expires without having received any ACK/NACK or UL grant, the CWS is increased to the next higher value. For this option there are although several aspects that need further discussion, which are listed as follows:
·  When does the timer of initial value N starts counting down?
· Option 1) from the start of the previous Category 4 LBT transmission 
· Option 2) from fourth subframes after the start of the previous Category 4 LBT transmission 
· Option 3) from the end of the previous Category 4 LBT transmission
· When does the counter reset to initial value?
· If the UE starts Cat-4 LBT before the expiration of the timer, what is the UE behavior when timer expires? 

For this option, it would be reasonable to start the timer at the end of the previous Cat-4 LBT transmission, and the value for the timer is equal to the processing delay of 4 ms. A UE should be allowed to perform multiple independent AUL transmissions before the reception of ACK/NACK and an UL grant. If the UE starts Cat. 4 LBT before the expiration of the timer, the UE must update the CWS and redraw the counter value if     
· The UE does not receive any UL grant or AUL DFI upon the expiration of the timer; or
· A UL grant is received and the NDI bit of the active HARQ processes of HARQ_ID_ref is not toggled ; or
· A UL grant is received and does not schedule HARQ_ID_ref; or
· An AUL DFI is received and indicates NACK for the active HARQ processes (i.e. TB not disabled) of HARQ_ID_ref.

Since this option still appears to be highly controversial, and would require discussions for each of the aspects listed above, other solutions are provided here with the aim to avoid those controversial aspects. The CWS can be updated without the need of a timer, but only based upon the UL grants or AUL-DFI DCI receptions. In particular, the following rules can be used: 
· If a UE does not receive any UL grant or AUL-DFI DCI after the previous Cat-4 LBT transmission, the CWS for the following AUL transmission is increased to the next higher value for all priority classes. 
· If the CWS is reset while the UE is already in Cat-4 LBT, it is up to UE whether to redraw the random counter value or not. 
· The UE does not increase the CWS value for the same HARQ_ID_ref upon reception of UL grant or AUL DFI.

Proposal 1: One proposal between Alt. 1) and Alt. 2) is selected.
Alt. 1: 
· Introduce a new timer, which starts from the end of the previous Category 4 LBT transmission. If the UE does not receive any UL grant or AUL DFI upon the expiration of the timer which is set to 4 ms, the CWS of all priority classes is increased to the next higher value. 
· Timer is reset to its initial value upon expiration of the timer. 
· The CWS value is unchanged until the timer expires.
· The UE does not increase the CWS value for the same HARQ_ID_ref upon reception of UL grant or AUL DFI, if the UE already increased the CWS upon expiration of the timer.  
· If the UE starts Category 4 LBT before the expiration of the timer, the UE must update the CWS and redraw the counter value if
· The UE does not receive any UL grant or AUL DFI upon the expiration of the timer; OR
· A UL grant is received and the NDI bit of the active HARQ processes of HARQ_ID_ref is not toggled ; OR
· An UL grant is received and does not schedule HARQ_ID_ref; OR
· An AUL DFI is received and indicates NACK for the active HARQ processes (i.e. TB not disabled) of HARQ_ID_ref
Alt. 2:  
· If a UE does not receive any UL grant or AUL DFI after the previous Category 4 LBT transmission, the CWS for following AUL transmission is increased to the next higher value for all priority classes. 
· If the CWS is reset while the UE is already in Category 4 LBT, it is up to the UE whether to redraw the random counter value or not. 
· The UE does not increase the CWS value for the same HARQ_ID_ref upon reception of an UL grant or AUL DFI.
AUL within eNB acquired MCOT
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. Furthermore, in order to allow more opportunities to access the channel and facilitate AUL data transmission, AUL UE shall use type 2 channel access. AUL transmissions within the eNB acquired COT are contiguous, and a gap of up to two OFDM symbols is allowed between subframes with the aim to avoid AUL UEs that have previously acquired the channel to monopolize the medium and provide the opportunity to other devices to access the channel. 
Proposal 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 the eNodeB COT, irrespective of whether an UL transmission occurs or not
* Short gaps (up to 2 symbols) between subframes are allowed similarly as in (e)LAA
Another aspect that needs to be considered in this context is the CW update for the eNB when the acquired COT is shared with AUL UEs. In this case two scenario can occur:
a. The eNB performs PDSCH transmissions, and part of the acquired MCOT is configured for UL transmissions with overlapping time-domain resources for AUL transmissions. In this case, the UL transmissions are not considered for the CW update.
b. The eNB does not perform any PDSCH transmissions, and part of the acquired MCOT is configured for UL transmissions with overlapping time-domain resources for AUL transmissions. In this last case, the UL transmissions (SUL/AUL) should be considered for the CW update, similarly as in Rel-14, during which it was agreed that if eNB schedules UL transport blocks (TBs) with 25 us LBT in a shared COT without any PDSCH the eNB increases the CWS if less than 10% of the scheduled UL TBs are not successfully received. However, the main difference here compared to Rel-14 is that the eNB does not know with certainty if a UE has access to the channel and performed a transmission, but it can only attempt to detect the AUL transmission. In this case, the CW update will be performed based on the SUL TBs and the AUL TBs that have been detected by the eNB.
Proposal 3: If the eNB does not perform any PDSCH transmissions in the COT, and if less than 10% of the schedule UL TBs and the AUL TBs, which are detected by the eNB, are not successfully received, the CWS is increased to the higher value, otherwise the eNB resets its CW.
In a previous meeting, RAN2 has sent an LS to RAN1 [4] through which it was notified that the LCP procedure for Rel-15 will not be modified compared to that of Rel-14, and decisions in RAN1 must not impact this aspect of the design. That said, during the last email discussion [3], it has been discussed how to make sure that the UE transmits data of the appropriate priority class in the shared COT, in order to avoid any void transmissions, which will unnecessarily make the channel busy at the expense of other devices that could have used it for data transmissions. In Rel-14, no changes were made to the traffic multiplexing rule for LCP, while agreeing that the eNB has to acquire the channel by taking into account the BSR of the UEs. This, although, cannot be exactly replicated without impacting the LCP procedure for AUL transmissions, since the eNB will acquire the channel without the knowledge of who will actually utilize the MCOT and transmits, therefore, the BSR can no longer be used to decide the resources to allocate. Since this will imply much of an impact to RAN2, it would be advisable to leave this to the UE’s implementation.    
Proposal 4: If a UE has enough data to fill in the eNB acquired COT broadcasted in the C-PDCCH with same traffic access priority or higher than the one indicated by the eNB, the UE can perform AUL during the COT acquired and shared by the eNB. 

2. 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 [5]. Similarly to the reverse direction protocol optionally used in 802.11n, where MCOT can be shared with an AP without the need of power control, a UE can share the MCOT with the eNB for at least PDCCH only transmission carrying DL control information. To utilize the acquired COT by an AUL UE, the eNB must send at least AUL-DFI to the UE which acquired the COT within the indicated DL subframes, and control information to any UE such that the transmission duration does not exceed the minimum time required to transmit AUL DFI and PDCCH control information to the UE which  acquired the MCOT. 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 if the gap is <= 25 us. The remaining MCOT and LBT priority class used is indicated to the eNB through the AUL-UCI.

Proposal 5: A UE initiated COT using Cat-4 LBT can be shared with the eNB to allow at least PDCCH only transmission carrying DL control information.
· For PDCCH transmission within a UE acquired COT, the PDCCH transmission is limited to a partial ending subframe of up to 3 OS length.
· To utilize the COT acquired by the AUL UE, the eNB must send at least AUL DFI to the UE which acquired the COT within the indicated DL subframes.
· The eNB may send at least control information (AUL-DFI or PDCCH) to any UE provided that the transmission duration does not exceed the minimum time required to transmit AUL DFI and PDCCH control information to the UE which acquired the COT.
· The eNB can utilize the COT acquired by the AUL UE to transmit DL control information only if it starts transmission within 25 us from the end of the AUL burst.
· The eNB does not need to perform LBT within a UE acquired COT if the gap is <= 16 us.
· The eNB uses type 2 channel access (25 us LBT) within a UE acquired COT if the gap <= 25 us.
· UL-DL-UL sharing is not allowed. 
· The remaining MCOT and LBT priority class is indicated to the eNB through the AUL-UCI.
FFS: data transmission over the remaining MCOT acquired by an AUL UE. 
3. Conclusion
In this contribution, we discussed the channel access mechanism for autonomous uplink access and made the following proposals:
Proposal 1: One proposal between Alt. 1) and Alt. 2) is selected.
Alt. 1: 
· Introduce a new timer, which starts from the start of the previous Category 4 LBT transmission. If the UE does not receive any UL grant or AUL DFI upon the expiration of the timer which is set to 10 ms, the CWS of all priority classes is increased to the next higher value. 
· Timer is reset to its initial value upon expiration of the timer. 
· The CWS value is unchanged until the timer expires.
· The UE does not increase the CWS value for the same HARQ_ID_ref upon reception of UL grant or AUL DFI, if the UE already increased the CWS upon expiration of the timer.  
· If the UE starts Category 4 LBT before the expiration of the timer, the UE must update the CWS and redraw the counter value if
· The UE does not receive any UL grant or AUL DFI upon the expiration of the timer; OR
· A UL grant is received and the NDI bit of the active HARQ processes of HARQ_ID_ref is not toggled ; OR
· An UL grant is received and does not schedule HARQ_ID_ref; OR
· An AUL DFI is received and indicates NACK for the active HARQ processes (i.e. TB not disabled) of HARQ_ID_ref
Alt. 2:  
· If a UE does not receive any UL grant or AUL DFI after the previous Category 4 LBT transmission, the CWS for following AUL transmission is increased to the next higher value for all priority classes. 
· If the CWS is reset while the UE is already in Category 4 LBT, it is up to the UE whether to redraw the random counter value or not. 
· The UE does not increase the CWS value for the same HARQ_ID_ref upon reception of an UL grant or AUL DFI.

Proposal 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 the eNodeB COT, irrespective of whether an UL transmission occurs or not
* Short gaps (up to 2 symbols) between subframes are allowed similarly as in (e)LAA

[bookmark: _GoBack]Proposal 3: If the eNB does not perform any PDSCH transmissions in the COT, and if less than 10% of the SUL TBs and the AUL TBs, which are detected by the eNB, are not successfully received, the CWS is increased to the higher value, otherwise the eNB resets its CW.

Proposal 4: If a UE has enough data to fill in the eNB acquired COT broadcasted in the C-PDCCH with same traffic access priority or higher than the one indicated by the eNB, the UE can perform AUL during the COT acquired and shared by the eNB. 

Proposal 5: A UE initiated COT using Cat-4 LBT can be shared with the eNB to allow at least PDCCH only transmission carrying DL control information.
· For PDCCH transmission within a UE acquired COT, the PDCCH transmission is limited to a partial ending subframe of up to 3 OS length.
· To utilize the COT acquired by the AUL UE, the eNB must send at least AUL DFI to the UE which acquired the COT within the indicated DL subframes.
· The eNB may send at least control information (AUL-DFI or PDCCH) to any UE provided that the transmission duration does not exceed the minimum time required to transmit AUL DFI and PDCCH control information to the UE which acquired the COT.
· The eNB can utilize the COT acquired by the AUL UE to transmit DL control information only if it starts transmission within 25 us from the end of the AUL burst.
· The eNB does not need to perform LBT within a UE acquired COT if the gap is <= 16 us.
· The eNB uses type 2 channel access (25 us LBT) within a UE acquired COT if the gap <= 25 us.
· UL-DL-UL sharing is not allowed. 
· The remaining MCOT and LBT priority class is indicated to the eNB through the AUL-UCI.
FFS: data transmission over the remaining MCOT acquired by an AUL UE. 
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