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Introduction
In RAN1 meeting #98, the following agreements were achieved:
Agreement:
For a gNB initiated channel occupancy the reference duration for CWS adjustment is defined as follows.
· For a CO with unicast PDSCH(s) and for each set of LBT bandwidths for which a single contention window is maintained, the reference duration for CWS adjustment is from the beginning of the CO until the end of the first slot where at least one unicast PDSCH is transmitted over all the resources allocated for the PDSCH, or until the end of the first transmission burst by the gNB that contains unicast PDSCH(s) transmitted over all the resources allocated for the PDSCH, whichever occurs earlier. 
· If the CO has a unicast PDSCH, but doesn’t have any unicast PDSCH transmitted over all the resources allocated for that PDSCH, then, the duration of the first transmission burst by the gNB within the CO that contains unicast PDSCH(s) is the reference duration for CWS adjustment.

Agreement:
For a UE initiated channel occupancy the reference duration for CWS adjustment is defined as follows.
· For a CO with PUSCH(s) and for each set of LBT bandwidths for which a single contention window is maintained, the reference duration for CWS adjustment is from the beginning of the CO until the end of the first slot where at least one PUSCH is transmitted over all the resources allocated for the PUSCH, or until the end of the first transmission burst by the UE that contains PUSCH(s) transmitted over all the resources allocated for the PUSCH, whichever occurs earlier. 
· If the CO has a PUSCH, but doesn’t have any PUSCH transmitted over all the resources allocated for that PUSCH, then, the duration of the first transmission burst by the UE within the CO that contains PUSCH(s) is the reference duration for CWS adjustment.

Agreement:
For a gNB initiated channel occupancy, for a DL burst without unicast PDSCH and with one or multiple UL grants, and for each set of LBT bandwidths for which a single contention window is maintained, CWS adjustment is based on the success or failure (FFS: CB, CBG, or TB) of reception of PUSCH transmissions in the granted resources
· FFS: Details of CWS adjustment based on the reception of a successful transmission
· FFS: Handling of PUCCH/PRACH/SRS and PUSCH without UL-SCH

This contribution mainly discusses channel access procedures for NR-U, including LBT indication for UE uplink transmission, CWS adjustment for gNB-initiated COT, CWS adjustment for UE-initiated COT, and COT sharing initiated by a configured grant UE.
LBT indication for uplink transmission
· LBT indication for PUSCH/PUCCH
In LAA-LTE, LBT type/priority for uplink transmission is indicated to UE in UL grant. If the uplink transmission is within gNB’s COT, 25μs Cat-2 LBT is indicated for channel access, otherwise, Cat-4 LBT with the indicated priority should be used for channel access. The same philosophy should be used in NR-U. 
Unlike LAA-LTE, two new LBT types are introduced in NR-U for transmission within a gNB-initiated COT, one is Cat-1 LBT without channel sensing if the gap between two transmissions is less than or equal to 16μs, the other is 16μs Cat-2 LBT. So gNB should indicate which LBT type/priority of the candidate LBT types/priorities including those two new LBT types should be used for UE’s channel access for uplink transmission. For PUSCH transmission, LBT indication should be carried in UL grant as LAA-LTE. For PUCCH transmission corresponding to HARQ-ACK feedback of scheduled PDSCHs, LBT indication should be carried in DL grant along with the PDSCH schedules. 
Proposal 1: LBT types including Cat-1 LBT and 16μs Cat-2 LBT should be indicated to UE for channel access for uplink transmission.
· LBT type should be indicated in UL grant for PUSCH transmission.
· LBT type should be indicated in DL grant along with the PDSCH schedules for PUCCH transmission.
· LBT indication for CF-RACH
Both contention-based RACH (CB-RACH) procedure and contention-free RACH (CF-RACH) procedure should be supported in NR-U. For CB-RACH procedure, Cat-4 LBT with lowest channel access priority class value is agreed to be used for channel access for PRACH transmission. For CF-RACH procedure, since the preamble transmission at UE side can be triggered by a PDCCH order, the corresponding LBT type could be indicated through the PDCCH order to give gNB more flexibility, for example, according to the event triggering PRACH transmission, to determine UE’s channel access priority.   
Proposal 2: LBT type should be indicated in PDCCH order for PRACH transmission in CF-RACH procedure.
· LBT type switch
For the case that UE is indicated/determined using Cat-4 LBT for uplink transmission, if the uplink transmission belongs to the gNB-initiated COT which follows the COT used for UL grant transmission, then the UE should be aware of the situation so that it can switch LBT type from Cat-4 LBT to 25μs Cat-2 LBT, 16μs Cat-2 LBT or Cat-1 LBT. Figure 1 illustrates this case. 
According to current agreements in NR-U, one COT may have multiple DL-to-UL switching points, and the LBT types for different switching points could be different, for example, depending on the gap duration between two transmissions. To avoid misunderstanding, explicit signaling to indicate LBT type associated with a specific gap duration is preferred. Considering that LBT type for each gap duration is common to all the UEs which plan to perform uplink transmission within gNB’s COT, GC-PDCCH can be used to transmit this LBT indication, and UE can determine LBT type based on the slot format structure and the LBT type indication. One example is that multiple LBT type sets can be configured in RRC signaling and the LBT indication can be used to indicate which LBT type set corresponding to current slot format structure.


Figure 1: Illustration of DCI explicitly indicate LBT type for gaps within gNB’s COT
Proposal 3: LBT type set corresponding to multiple DL-to-UL switching points determined by slot format structure should be indicated in GC-PDCCH for all the UEs which plan to transmit within a gNB’s COT.
CWS adjustment for gNB-initiated COT
In NR-U, for a gNB initiated channel occupancy with unicast PDSCH(s), as shown in Figure 2, contention window size (CWS) adjustment requirement in LAA-LTE should be reused for the gNB to maintain/adjust the CWS before the start of Cat-4 LBT: 
· If at least 80% of HARQ-ACK values corresponding to PDSCH transmissions in the reference duration are determined as NACK, increase the CWS to the next higher allowed value; otherwise, set the CWS to the minimum value.
HARQ-ACK values corresponding to reference PDSCH(s) can be transmitted either by licensed carrier or by unlicensed carrier. If HARQ-ACK values are transmitted via licensed carrier, LAA-LTE rules can be reused. If HARQ-ACK values are transmitted via unlicensed carrier, some related issues should be discussed.


Figure 2: CWS adjustment for a gNB initiated channel occupancy with unicast PDSCH(s)
· Reference PDSCH(s) and corresponding HARQ-ACK values transmitted on same unlicensed CC
In case PUCCH which carries HARQ-ACK values transmitted over an unlicensed carrier, gNB should detect the presence of the HARQ-ACK values by PUCCH detection. If reference PDSCH(s) and the corresponding HARQ-ACK values are transmitted on the same unlicensed CC, and if the expected HARQ-ACK values are not detected on the allocated PUCCH resource, in this case LBT at UE side may be failed for PUCCH transmission, or DL grant scheduling PDSCH(s) may be missed, or a terrible channel quality may be observed at gNB side, which reflect the possible confliction on the unlicensed channel. So the expected HARQ-ACK values should be taken as NACK for CWS adjustment if they are not detected by gNB.
Proposal 4: The undetected HARQ-ACK values should be taken as NACK for CWS adjustment if reference PDSCH(s) and corresponding HARQ-ACK values are supposed to be transmitted on same unlicensed CC. 
· Reference PDSCH(s) and corresponding HARQ-ACK values transmitted on different unlicensed CC
If reference PDSCH(s) and the corresponding HARQ-ACK values are transmitted on different unlicensed CC, and if the expected HARQ-ACK values are not detected on the allocated PUCCH resource, for CWS maintains on the CC carries reference PDSCH(s) with group-based HARQ-ACK feedback, the probability of DL grant missing for a whole PDSCH group is smaller than the probability of LBT fail at UE side for PUCCH transmission and terrible channel quality at gNB side, so the expected HARQ-ACK values should not be counted for CWS adjustment in this case if they are not detected by gNB. 
Proposal 5: The undetected HARQ-ACK values should not be counted for CWS adjustment if reference PDSCH(s) and corresponding HARQ-ACK values are supposed to be transmitted on different unlicensed CC. 
· Reference PDSCH(s) with CBG based transmission and feedback
Unlike LAA-LTE only support TB based HARQ-ACK feedback, CBG based HARQ-ACK feedback is introduced in NR-U. Correspondingly, CWS adjustment should be enhanced. For CBG-based HARQ-ACK operation, each CBG-based HARQ-ACK value should be considered separately when calculating the NACK ratio for CWS adjustment. If some CBGs of the reference PDSCH are not transmitted, for example, for those CBGs which are punctured due to LBT fails, the corresponding CBG-based HARQ-ACK values should not be used for CWS adjustment. 
Proposal 6: CBG-based HARQ-ACK values should be considered separately for CWS adjustment. 
In LAA-LTE, for an eNB initiated channel occupancy without unicast PDSCH and with one or multiple UL grants, CWS adjustment requirement for the eNB to maintain/adjust the CWS before the start of Cat-4 LBT includes: 
· If less than 10% of the UL transport blocks scheduled by the eNB using Cat-4 LBT within the reference duration have been received successfully, increase the CWS to the next higher allowed value; otherwise, set the CWS to the minimum value.


Figure 3: CWS adjustment for a gNB initiated channel occupancy without unicast PDSCH
· Reference UL transmission includes UL-SCH and/or UCI
As shown in Figure 3, if PUSCH with UL-SCH are transmitted within the reference duration in a gNB shared channel occupancy, CWS adjustment requirement in LAA-LTE should be reused; if UCI piggyback on PUSCH with UL-SCH are transmitted within the reference duration in a gNB shared channel occupancy, and if the expected UCI is not detected, the undetected UCI should not be used for CWS adjustment; if UCI piggyback on PUSCH without UL-SCH are transmitted within the reference duration in a gNB shared channel occupancy, and if the expected UCI is not detected, the undetected UCI should be used for CWS adjustment.
Proposal 7: In case the expected UCI is not detected in a gNB shared channel occupancy:
· If the UCI is expected to be transmitted with UL-SCH, the undetected UCI should not be used for CWS adjustment.
· If the UCI is expected to be transmitted without UL-SCH, the undetected UCI should be used for CWS adjustment.
· Reference UL transmission includes PRACH
As shown in Figure 3, if PRACH resources are included within the reference duration in a gNB shared channel occupancy, and if at least one PRACH sequence triggered by gNB is successfully detected at gNB side, then the CWS can be set to the minimum value. Otherwise, increase the CWS to the next higher allowed value. 
Proposal 8: If at least one PRACH sequence is detected by gNB in a gNB shared channel occupancy, the CWS can be set to the minimum value; otherwise, the CWS is increased to the next higher allowed value.
· Reference UL transmission includes SRS
As shown in Figure 3, if SRS resources are included within the reference duration in a gNB shared channel occupancy, and if at least one SRS sequence is successfully detected by gNB, then the CWS can be set to the minimum value. Otherwise, the CWS can be increased to the next higher allowed value considering that the UE(s) are supposed to transmit SRS in SRS resources.
Proposal 9: If at least one SRS sequence is detected by gNB in a gNB shared channel occupancy, the CWS can be set to the minimum value; otherwise, the CWS is increased to the next higher allowed value.
CWS adjustment for UE-initiated COT 
In NR-U, a UE maintains/adjusts the CWS before the start of Cat-4 LBT should base on a UE initiated channel occupancy using the same Cat-4 LBT which may be with or without unicast PUSCH, as shown in Figure 4. 


Figure 4: CWS adjustment for a UE initiated channel occupancy
· CWS adjustment based on PUSCH with UL-SCH
As shown in Figure 4, if PUSCH with UL-SCH are transmitted within reference duration in a UE initiated channel occupancy, CWS adjustment requirement in LAA-LTE should be reused for the UE to maintain/adjust the CWS before the start of Cat-4 LBT:
· If the NDI value for at least one HARQ process associated with HARQ_ID_ref is toggled, or if the received DFI including HARQ-ACK values for at least one of the HARQ processes associated with HARQ_ID_ref indicates ACK, set the CWS to the minimum value; otherwise, increase the CWS to the next higher allowed value.
Proposal 10: NDI or DFI indications should be used for CWS adjustment as in LAA-LTE in the case PUSCH carries UL-SCH.
· CWS adjustment for CBG based transmission
For LAA-LTE, CWS adjustment is based on the NDI indication of the reference HARQ process. For CBG-based HARQ-ACK operation for PUSCH transmission, CBG-based HARQ-ACK values should be interpreted as NDI indication of the reference HARQ process. If the NDI is indicated per CBG, each CBG-based HARQ-ACK value should be considered separately to determine the NDI per CBG. If the NDI is indicated per TB, the NDI indicates new data if all the CBG-based HARQ-ACK values of the TB are ACK, otherwise, the NDI indicates retransmission. The interpreted NDI indication can be used for CWS adjustment for PUSCH transmission. 
Proposal 11: CBG-based HARQ-ACK values should be interpreted as NDI indication for CWS adjustment. 
· CWS adjustment based on UCI piggyback on PUSCH without UL-SCH
As shown in Figure 4, if PUSCH with UCI and without UL-SCH are transmitted within reference duration in a UE initiated channel occupancy, and if configured grant transmission is configured, normally UE is not expected to receive HARQ-ACK value(s) corresponding to this HARQ process since there is no UL-SCH transmission. For the purpose of CWS adjustment, the HARQ-ACK values corresponding to this HARQ process in DFI can be used to represent the UCI reception at gNB side, e.g. the detected UCI corresponding to ACK and the undetected UCI corresponding to NACK, hence UE can use this information for CWS adjustment.
Proposal 12: HARQ-ACK feedback in DFI should be used to represent the UCI reception at gNB side for CWS adjustment in the case UCI piggyback on PUSCH without UL-SCH. 
· CWS adjustment based on PUCCH
As shown in Figure 4, if PUCCH(s) are transmitted within reference duration in a UE initiated channel occupancy, and if group-based HARQ-ACK codebook is configured, then the NFI values can reflect PUCCH reception at gNB side in addition to NDI values, hence NFI or NDI values can be used for the UE to maintain/adjust the CWS before the start of Cat-4 LBT:
· If the NFI value for at least one PDSCH group transmitted on PUCCH resource within reference duration is toggled, set the CWS to the minimum value; or if the NDI value for at least one HARQ process is toggled, for which ACK corresponding to this HARQ process is transmitted on PUCCH resource within reference duration, set the CWS to the minimum value; or if at least one HARQ process, for which Ack/Nack corresponding to this HARQ process is transmitted on PUCCH resources within reference duration, is assigned, set the CWS to the minimum value; otherwise, increase the CWS to the next higher allowed value.
Proposal 13: NFI or NDI indications should be used for CWS adjustment in the case PUCCH is transmitted within reference duration. 
· CWS adjustment based on PRACH
As shown in Figure 4, if PRACH is transmitted within reference duration in a UE initiated channel occupancy, and if UE receives target RAR within RAR window, set the CWS to the minimum value; if UE does not receive target RAR but receives RAR corresponding to the PRACH resource within RAR window, increase the CWS to the next higher allowed value; if UE does not receive RAR corresponding to the PRACH resource within RAR window, keep the CWS unchanged.
Proposal 14: RAR reception within RAR window should be used for CWS adjustment in the case PRACH is transmitted within reference duration. 
· CWS adjustment based on Msg3
As shown in Figure 4, if RACH Msg3 is transmitted within reference duration in a UE initiated channel occupancy, and if UE receives DL grant scheduling Msg4 transmission, set the CWS to the minimum value; if UE receives DL grant scheduling Msg3 retransmission, increase the CWS to the next higher allowed value; otherwise, keep the CWS unchanged. 
Proposal 15: DL grant indicating Msg4 transmission or Msg3 retransmission should be used for CWS adjustment in the case Msg3 is transmitted within reference duration. 
· CWS adjustment based on SRS
As shown in Figure 4, if SRS is transmitted within reference duration in a UE initiated channel occupancy, the SRS reception should not be used for CWS adjustment at UE side. 
Proposal 16: SRS reception should not be used for CWS adjustment in the case SRS is transmitted within reference duration. 
COT sharing initiated by a configured grant UE
In AUL transmission, UL to DL COT sharing for a UE-initiated COT is supported. If one UE wants to share some resource of it acquired COT to eNB, it could indicate eNB which subframe is shared by COT sharing indication information carried in UCI. For configured grant operation in unlicensed carrier, similar procedure can be supported, for example, UE-initiated COT can be shared to gNB for DL transmission with COT sharing information carried in UCI, where the DL burst can be used for gNB to transmit PDSCH to this UE or to UEs which have the same TCI-state value as this UE since those UEs can be assumed to have the same spatial receiver parameter, as illustrated in Figure 5. 
In addition, UE should transmit the indication of starting symbol, duration, and LBT type of the shared channel occupancy to gNB for gNB start the second transmission in the UE-initiated COT. 
[image: ]
Figure 5: UE-initiated COT to transmit PDSCH with the same spatial Rx parameter
Proposal 17: Starting symbol, duration, and LBT type should be indicated to gNB for DL transmission.
On the other hand, when the transmission occasion of the periodic PDCCH carrying important information, for example, SFI information, overlaps with the UE-initiated COT, the UE may stop the uplink transmission and share the COT resource to gNB to transmit PDCCH, and then the UE may resume PUSCH transmission after finished PDCCH transmission, as illustrated in Figure 6.
[image: ]
Figure 6: UE-initiated COT can be broken off by periodical PDCCH
Proposal 18: UE-initiated COT can be shared to gNB for transmission of periodical PDCCH.

Conclusions
This contribution mainly discusses channel access procedures for NR-U, including LBT indication for UE uplink transmission, CWS adjustment for gNB-initiated COT, CWS adjustment for UE-initiated COT, and COT sharing initiated by a configured grant UE. The following proposals are made. 
LBT indication for uplink transmission:
Proposal 1: LBT types including Cat-1 LBT and 16μs Cat-2 LBT should be indicated to UE for channel access for uplink transmission.
· LBT type should be indicated in UL grant for PUSCH transmission.
· LBT type should be indicated in DL grant along with the PDSCH schedules for PUCCH transmission.
Proposal 2: LBT type should be indicated in PDCCH order for PRACH transmission in CF-RACH procedure.
Proposal 3: LBT type set corresponding to multiple DL-to-UL switching points determined by slot format structure should be indicated in GC-PDCCH for all the UEs which plan to transmit within a gNB’s COT.
CWS adjustment for gNB-initiated COT:
Proposal 4: The undetected HARQ-ACK values should be taken as NACK for CWS adjustment if reference PDSCH(s) and corresponding HARQ-ACK values are supposed to be transmitted on same unlicensed CC.
Proposal 5: The undetected HARQ-ACK values should not be counted for CWS adjustment if reference PDSCH(s) and corresponding HARQ-ACK values are supposed to be transmitted on different unlicensed CC.
Proposal 6: CBG-based HARQ-ACK values should be considered separately for CWS adjustment. 
Proposal 7: In case the expected UCI is not detected within the reference duration in a gNB shared channel occupancy:
· If the UCI is expected to be transmitted with UL-SCH, the undetected UCI should not be used for CWS adjustment.
· If the UCI is expected to be transmitted without UL-SCH, the undetected UCI should be used for CWS adjustment.
Proposal 8: If at least one PRACH sequence is detected by gNB in a gNB shared channel occupancy, the CWS can be set to the minimum value; otherwise, the CWS is increased to the next higher allowed value .
Proposal 9: If at least one SRS sequence is detected by gNB in a gNB shared channel occupancy, the CWS can be set to the minimum value; otherwise, the CWS is increased to the next higher allowed value.
CWS adjustment for UE-initiated COT:
Proposal 10: NDI or DFI indications should be used for CWS adjustment as in LAA-LTE in the case PUSCH carries UL-SCH.
Proposal 11: CBG-based HARQ-ACK values should be interpreted as NDI indication for CWS adjustment. 
Proposal 12: HARQ-ACK feedback in DFI should be used to represent the UCI reception at gNB side for CWS adjustment in the case UCI piggyback on PUSCH without UL-SCH. 
Proposal 13: NFI or NDI indications should be used for CWS adjustment in the case PUCCH is transmitted within reference duration. 
Proposal 14: RAR reception within RAR window should be used for CWS adjustment in the case PRACH is transmitted within reference duration. 
Proposal 15: DL grant indicating Msg4 transmission or Msg3 retransmission should be used for CWS adjustment in the case Msg3 is transmitted within reference duration. 
Proposal 16: SRS reception should not be used for CWS adjustment in the case SRS is transmitted within reference duration. 
[bookmark: _GoBack]COT sharing initiated by a configured grant UE:
Proposal 17: Starting symbol, duration, and LBT type should be indicated to gNB for DL transmission.
Proposal 18: UE-initiated COT can be shared to gNB for transmission of periodical PDCCH.
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