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1. CG-DG PUSCH back-to-back transmission
	Agreement:
Back-to-back transmission of GC-PUSCH and dynamically scheduled PUSCH is supported in NR-U with restrictions similar to those in LTE LAA.  


In RAN1#100b-e meeting [3], it was agreed that DG-PUSCH(s) immediately following CG-PUSCH(s) is supported if the conditions similar to those described in TS 37.213 4.2.1 are satisfied. Specifically, if any of conditions for back-to-back transmission (e.g., bandwidth, CAPC, MCOT) are not met, the CG-PUSCH(s) immediately before DG-PUSCH(s) should be dropped to make sufficient time for LBT. 
For the CG-PUSCH cancellation rule, to guarantee the enough time for a UE to cancel CG PUSCH, the timeline for the ending symbol of UL grant scheduling DG PUSCH relative to the starting symbol of CG-PUSCH should be specified. By extending the approach in 6.1 of TS 38.214 for the case where CG-PUSCH and subsequent DG-PUSCH are overlapped in time, a UE is not expected to be scheduled by a PDCCH ending in symbol  to transmit a PUSCH on a given serving cell immediately after a transmission occasion, where the UE is allowed to transmit a PUSCH with configured grant according to [10, TS38.321], starting in a symbol  on the same serving cell if the end of symbol  is not at least Tproc,2 before the beginning of symbol  assuming d2,1 = 1. 

Proposal #1: Adopt the following TP#1 and TP#2 for TS 37.213 and TS 38.214 respectively.
================================ Start of TP#1 for TS 37.213 ================================
4.2.1.0.1	Channel access procedures for consecutive UL transmission(s)
================================ Unchanged Texts Omitted =================================
For UL transmission(s) following configured grant PUSCH transmission(s), the following is applicable:
-	If a UE is scheduled by a DCI received from a gNB to transmit UL transmission(s) starting from symbol  in slot  using Type 1 channel access procedure without CP extension, and if the UE starts configured grant UL transmissions before slot  using Type 1 channel access procedure, and the scheduled UL transmission(s) occupies all the RBs of the same channels occupied by the configured grant UL transmission(s) or all the RBs of a subset thereof, the UE may directly transmit the scheduled UL transmission(s) according to the received DCI from symbol  in slot  without a gap, if the priority class value of the performed channel access procedure is larger than or equal to the priority class value indicated in the DCI, and the configured grant UL transmission shall end at the symbol preceding symbol . The sum of the lengths of the configured grant UL transmission(s) and the scheduled UL transmission(s) shall not exceed the maximum channel occupancy time corresponding to the priority class value used to transmit the configured grant UL transmission(s). Otherwise, the UE shall terminate the configured grant UL transmission(s) by dropping the transmission of at least the configured grant PUSCH transmission before symbol  in slot  and transmit the scheduled UL transmission(s) according to the received DCI.
================================ Unchanged Texts Omitted =================================
================================= End of TP#1 for TS 37.213 ================================

================================ Start of TP#2 for TS 38.214 ================================
[bookmark: _Toc11352138][bookmark: _Toc20318028][bookmark: _Toc27299926][bookmark: _Toc29673199][bookmark: _Toc29673340][bookmark: _Toc29674333]6.1	UE procedure for transmitting the physical uplink shared channel
================================ Unchanged Texts Omitted =================================
A UE is not expected to be scheduled by a PDCCH ending in symbol  to transmit a PUSCH on a given serving cell overlapping in time with a transmission occasion, where the UE is allowed to transmit a PUSCH with configured grant according to [10, TS38.321], starting in a symbol  on the same serving cell if the end of symbol  is not at least  symbols before the beginning of symbol . The value  in symbols is determined according to the UE processing capability defined in Clause 6.4, and and the symbol duration are based on the minimum of the subcarrier spacing corresponding to the PUSCH with configured grant and the subcarrier spacing of the PDCCH scheduling the PUSCH.
A UE is not expected to be scheduled by a PDCCH ending in symbol  to transmit a PUSCH on a given serving cell immediately after a transmission occasion, where the UE is allowed to transmit a PUSCH with configured grant according to [10, TS38.321], starting in a symbol  on the same serving cell if the end of symbol  is not at least Tproc,2 before the beginning of symbol  assuming d2,1 =1.
================================ Unchanged Texts Omitted =================================
================================= End of TP#2 for TS 38.214 ================================

2. No intra-carrier guard-bands
	Agreement: (RAN1#99)
· The RRC parameters intraCellGuardBandDL-r16 and intraCellGuardBandUL-r16 include a mechanism to indicate that no intra-carrier guard-bands are configured
· Note: This configuration may be used for the case where transmission only occurs in a BWP if LBT is successful in all RB sets within the BWP

Agreement: (RAN1#100bis-e)
For an UL carrier without intra-cell guard bands when the parameter useInterlacePUCCH-PUCCH is configured in any of BWP-UplinkCommon and BWP-UplinkDedicated:
· The UL carrier can be configured with [image: cid:image001.png@01D62A0F.DAA830E0]non-overlapping RB set(s)
· For each RB set except for RB set 0, the starting CRB index is given by startCRB-r16
· For RB set 0, the starting CRB index is given by [image: cid:image002.png@01D62A0F.DAA830E0]
· The UE expects nrofCRBs-r16 set to 0 for all GBs between two adjacent RB sets within the UL carrier.
· The UE expects N RBs contained in each interlace of each RB set, wherein 10 <= N <= 11.
· For 30 kHz SCS, the number of RBs within any RB set is between 50 and 55, and for 15 kHz SCS, the number of RBs within any RB set is between 100 and 110
· Note: This configuration may be used for the case where transmission only occurs in a BWP if LBT is successful in all RB sets within the BWP (from RAN1#99 agreement)
· Note: It’s up to gNB’s configuration to fulfill RAN4 requirement with  e.g., on maximum transmission bandwidth configuration, spectral emission mask, and so on.
· Note: In order to reuse existing PUCCH/PUSCH resource allocation mechanisms, this proposal applies to all supported carrier bandwidths except 10 MHz
· FFS: Whether BWP can be configured to be partially overlapping with a RB set


In RAN1#99 and RAN1#100bis-e meeting [1][3], it was agreed that if no intra-carrier guard-bands is configured for DL or UL active BWP, the transmission only occurs in a BWP if LBT is successful for the whole BWP. But it seems that this agreement is not yet reflected on the specification. Therefore, the following sentences should be captured for TS 37.213 accordingly:
· For UL active BWP configured with no intra-cell guard band, UE is allowed to transmit UL transmission only if UE succeeds LBT for all RB set(s) corresponding to the UL BWP.
· For DL, if gNB transmits DL transmission to a UE configured with DL active BWP where intraCellGuardBandDL-r16 for the corresponding serving cell indicates to the UE that no intra-cell guard-bands are configured, gNB is allowed to transmit DL transmission to the UE only if gNB succeeds LBT for the whole DL BWP.

Proposal #2: Reflect the followings in TS 37.213:
· For UL active BWP configured with no intra-cell guard band, a UE is allowed to transmit UL transmission only if the UE succeeds LBT for all RB set(s) corresponding to the UL BWP.
· For DL, if gNB transmits DL transmission to a UE configured with DL active BWP where intraCellGuardBandDL-r16 for the corresponding serving cell indicates to the UE that no intra-cell guard-bands are configured, gNB is allowed to transmit DL transmission to the UE only if gNB succeeds LBT for the whole DL BWP.

3. UL-to-DL channel occupancy time sharing
	Agreement:
For at least PUSCH transmissions with configured grants, a UE is allowed to choose between the ED threshold given by ul-toDL-CO-SharingED-Threshold-r16 and the default one. Whether a spec change is required needs further discussion. Discuss and decide the possible TPs in the next meeting.


In RAN1#100b-e meeting [3], a UE is allowed to choose between the ED threshold given by ul-toDL-CO-SharingED-Threshold-r16 and the ED threshold calculated based on configured UL transmission power at least for CG-PUSCH. This is because forcing a UE to use only a specific ED threshold configured by gNB may significantly reduce the channel access probability of the UE if configure ED threshold is more sensitive than the ED threshold value calculated by the UE based on the UL transmission power configured by gNB.
The same principle can be applied not only to CG-PUSCH but also to DG-PUSCH. Therefore, the ED threshold for the UE to use for DG-PUSCH transmission can be explicitly indicated by UL grant. In other word, the ED threshold can be determined by gNB depending on whether or not it will share channel occupancy initiated by the DG-PUSCH.

Proposal #3: For a UE configured with ED threshold to be used for UE-initiated channel occupancy, UL grant indicates which ED threshold between configured ED threshold and ED threshold calculated based on UE’s configured maximum transmission power is applied to channel access procedure for the scheduled PUSCH.
Proposal #4: Adopt the following TP#3 for TS 37.213.
================================ Start of TP#3 for TS 37.213 ================================
[bookmark: _Toc524694444][bookmark: _Toc28873166][bookmark: _Toc35593624]4.2.3	Energy detection threshold adaptation procedure
================================ Unchanged Texts Omitted =================================
[bookmark: _Hlk24365483][bookmark: _Hlk24365304]For the case where a UE performs channel access procedures as described in clause 4.2.1.2.1 and shares its corresponding channel occupancy time with the gNB,  is set equal to the value provided by the higher layer parameter ul-toDL-CO-SharingED-Threshold-r16, if provided. For the case where a UE configured with ul-toDL-CO-SharingED-Threshold-r16 performs channel access procedure as described in clause 4.2.1.1 and does not share its corresponding channel occupancy time with the gNB, the UE shall set  according to the procedure described in clause 4.2.3.
================================ Unchanged Texts Omitted =================================
================================= End of TP#3 for TS 37.213 ================================

4. CP extension and LBT gap
In RAN1#100-e meeting [2], the expression to calculate the length of the CP extension in 5.3.1 of TS 38.211 was modified to account for differences in durations of the first and the other symbols every 0.5ms. In addition,  was introduced to prevent  from being less than 0, or larger than  when C2 or C3 is configured for the length of CP extension to be less than 0 or exceed one symbol in case of mismatch of TA value between gNB and UE. 
However, if C2 or C3 is configured for the length of CP extension to exceed one symbol at UE side due to mismatch of TA value between gNB and UE, the duration of CP extension transmitted by UE may differ from the duration of CP extension scheduled by gNB. For example, if 25us Cat-2 LBT and 25us+TA gap is indicated by gNB, the length of CP extension can be changed to one symbol from the actual length of CP extension (larger than one symbol) after applying . In this case, the actual gap length is larger than 25us and the UE can transmit the UL transmission after the successful LBT. Then, the gNB may not infer whether multiple DL-to-UL switching is possible or not because gNB does not know the actual gap length between DL and UL. It should be noted that the multiple DL-UL switching is not allowed in case any gap between DL and UL is longer than 25 us. The exact same problem can be also occurred for the case of Cat-1 LBT. For Cat-4 LBT, since UE initiates channel occupancy, the transmission of one symbol length CP extension instead of the actual length of CP extension (larger than one symbol) is not a problem.
Therefore, If , the UL transmission scheduled by (or performed with) Cat-1 or Cat-2 LBT can be dropped, and the UL transmission scheduled by (or performed with) Cat-4 LBT can be transmitted with CP extension length of .
 
Proposal #5: If , the UL transmission performed with Cat-1 or Cat-2 LBT should be dropped, and the UL transmission performed with Cat-4 LBT can be transmitted with CP extension length of .

5. UL contention window adjustment procedures
CWS adjustment for random access procedure
For a 4-step random access procedure, the Msg1, Msg2, Msg3, and Msg4 need to be exchanged between UE and gNB. Therefore, the UL CWS adjustment procedure can be enhanced for the random access procedure by the rules for signals/channels without explicit feedback. 
If Cat-4 LBT is used for Msg3 transmission, the UL CWS can be adjusted based on the reception of Msg4. For example, if the Msg4 PDCCH scrambled by TC-RNTI or C-RNTI corresponding to the transmitted Msg3 is detected, the Msg3 transmission is considered as successful and the CWS for Msg3 can be reset to the minimum value. For another example, if the Msg4 PDSCH containing correct UE contention resolution identity is received, the Msg3 transmission is also considered as successful. Otherwise, if the correct Msg4 which corresponds to the Msg3 is not received (e.g., containing wrong UE contention resolution identity is detected), the Msg3 transmission can be considered as failure subject to collision and the CWS can be increased to the next value.

Proposal #6: The CWS for Msg3 can be adjusted based on the reception of Msg4.

CWS adjustment for channels/signals without explicit feedback
	Agreement:
Channels without explicit feedback use the CWS last updated by channels with explicit feedback and using the same CAPC if such channels exist; otherwise they use the minimum CWS corresponding to the CAPC.


In RAN1#99 meeting [1], the CWS adjustment rule for channels/signals without explicit feedback was agreed. However, it does not seem that the highlighted part in the above agreement is correctly reflected in the current specification. Therefore, we propose to adopt the following text proposal.

Proposal #7: Adopt Text Proposal #4 into section 4.2.2.2 of TS 37.213.
================================ Start of TP#4 for TS 37.213 ================================
[bookmark: _Toc28873164]4.2.2.2	Contention window adjustment procedures for UL transmissions scheduled/configured by gNB
================================ Unchanged Texts Omitted =================================
If a UE transmits transmissions using Type 1 channel access procedures associated with the channel access priority class  on a channel and the transmissions are not associated with explicit or implicit HARQ-ACK feedbacks as described above in this subclause, the UE adjusts  before step 1 in the procedures described in subclause 4.2.1.1, using the latest  used for any UL transmissions associated with explicit or implicit HARQ-ACK feedbacks on the channel using Type 1 channel access procedures associated with the channel access priority class . If the corresponding channel access priority class  has not been for any UL transmission on the channel,  is used.
================================ Unchanged Texts Omitted =================================
================================= End of TP#4 for TS 37.213 ================================

UL reference duration for CWS adjustment
In LAA, for UL CWS update, if a UE receives UL grant at subframe n, the reference subframe for UL CWS update is the first subframe within the latest UL burst starting before subframe n-3. This is because it was assumed that that the minimum HARQ RTT is equal to 8 msec and HARQ delay at UE side is the same with HARQ delay (i.e., 4 msec) at eNB side. With this rule, eNB could predict UE’s current CWS and provide sufficient gap between UL grant and corresponding UL transmission by considering expected time duration based on predicted current CWS.
In NR, similar to LAA, minimum time duration between UL grant and corresponding reference duration should be determined considering gNB’s processing time. This makes gNB possible to predict UE’s current CWS and provide sufficient gap to guarantee successful Cat-4 LBT at UE side. gNB scheduler can configure timing relationship considering its processing time capability between UL grant and corresponding PUSCH transmission even shorter than 4 msec. Therefore, the minimum duration, X, from the end of reference duration and starting point of a received UL grant can be configured by gNB. The UE can assume that the value X is based on the processing capability (e.g., K1 or K2 value) or a default value (e.g., 3 slots) when X has not been configured yet. 
The reference duration for UL CWS adjustment can be defined in the recent UL burst starting before n-X, where n and X correspond to the starting time of UL grant and configured minimum time between UL grant and the end of reference duration, respectively. Alternatively, if it is hard to introduce new RRC parameter at this maintenance stage, it would be possible to reuse cg-minDFIDelay-r16 RRC parameter which is already introduced for configured grant PUSCH and is defined as the minimum duration from the ending symbol of the configured grant PUSCH to the starting symbol of the DFI. This is because the motivation to introduce cg-minDFIDelay-r16 RRC parameter is to consider gNB’s processing time, same as the motivation to introduce minimum time between UL grant and the end of reference duration.

Proposal #8: The reference duration for UL CWS adjustment can be defined in the recent UL burst starting before n-X, where n and X correspond to the starting time of UL grant and the minimum time between UL grant and the end of reference duration, respectively, and X is configured by RRC signalling or is set to the same value with cg-minDFIDelay-r16.

6. Conclusion
In this contribution, we discussed remaining issues of channel access procedure for NR unlicensed operation, and proposals are as follows.
Proposal #1: Adopt the following TP#1 and TP#2 for TS 37.213 and TS 38.214 respectively.
================================ Start of TP#1 for TS 37.213 ================================
4.2.1.0.1	Channel access procedures for consecutive UL transmission(s)
================================ Unchanged Texts Omitted =================================
For UL transmission(s) following configured grant PUSCH transmission(s), the following is applicable:
-	If a UE is scheduled by a DCI received from a gNB to transmit UL transmission(s) starting from symbol  in slot  using Type 1 channel access procedure without CP extension, and if the UE starts configured grant UL transmissions before slot  using Type 1 channel access procedure, and the scheduled UL transmission(s) occupies all the RBs of the same channels occupied by the configured grant UL transmission(s) or all the RBs of a subset thereof, the UE may directly transmit the scheduled UL transmission(s) according to the received DCI from symbol  in slot  without a gap, if the priority class value of the performed channel access procedure is larger than or equal to the priority class value indicated in the DCI, and the configured grant UL transmission shall end at the symbol preceding symbol . The sum of the lengths of the configured grant UL transmission(s) and the scheduled UL transmission(s) shall not exceed the maximum channel occupancy time corresponding to the priority class value used to transmit the configured grant UL transmission(s). Otherwise, the UE shall terminate the configured grant UL transmission(s) by dropping the transmission of at least the configured grant PUSCH transmission before symbol  in slot  and transmit the scheduled UL transmission(s) according to the received DCI.
================================ Unchanged Texts Omitted =================================
================================= End of TP#1 for TS 37.213 ================================

================================ Start of TP#2 for TS 38.214 ================================
6.1	UE procedure for transmitting the physical uplink shared channel
================================ Unchanged Texts Omitted =================================
A UE is not expected to be scheduled by a PDCCH ending in symbol  to transmit a PUSCH on a given serving cell overlapping in time with a transmission occasion, where the UE is allowed to transmit a PUSCH with configured grant according to [10, TS38.321], starting in a symbol  on the same serving cell if the end of symbol  is not at least  symbols before the beginning of symbol . The value  in symbols is determined according to the UE processing capability defined in Clause 6.4, and and the symbol duration are based on the minimum of the subcarrier spacing corresponding to the PUSCH with configured grant and the subcarrier spacing of the PDCCH scheduling the PUSCH.
A UE is not expected to be scheduled by a PDCCH ending in symbol  to transmit a PUSCH on a given serving cell immediately after a transmission occasion, where the UE is allowed to transmit a PUSCH with configured grant according to [10, TS38.321], starting in a symbol  on the same serving cell if the end of symbol  is not at least Tproc,2 before the beginning of symbol  assuming d2,1 =1.
================================ Unchanged Texts Omitted =================================
================================= End of TP#2 for TS 38.214 ================================
Proposal #2: Reflect the followings in TS 37.213:
· For UL active BWP configured with no intra-cell guard band, a UE is allowed to transmit UL transmission only if the UE succeeds LBT for all RB set(s) corresponding to the UL BWP.
· For DL, if gNB transmits DL transmission to a UE configured with DL active BWP where intraCellGuardBandDL-r16 for the corresponding serving cell indicates to the UE that no intra-cell guard-bands are configured, gNB is allowed to transmit DL transmission to the UE only if gNB succeeds LBT for the whole DL BWP.
Proposal #3: For a UE configured with ED threshold to be used for UE-initiated channel occupancy, UL grant indicates which ED threshold between configured ED threshold and ED threshold calculated based on UE’s configured maximum transmission power is applied to channel access procedure for the scheduled PUSCH.
Proposal #4: Adopt the following TP#3 for TS 37.213.
================================ Start of TP#3 for TS 37.213 ================================
4.2.3	Energy detection threshold adaptation procedure
================================ Unchanged Texts Omitted =================================
For the case where a UE performs channel access procedures as described in clause 4.2.1.2.1 and shares its corresponding channel occupancy time with the gNB,  is set equal to the value provided by the higher layer parameter ul-toDL-CO-SharingED-Threshold-r16, if provided. For the case where a UE configured with ul-toDL-CO-SharingED-Threshold-r16 performs channel access procedure as described in clause 4.2.1.1 and does not share its corresponding channel occupancy time with the gNB, the UE shall set  according to the procedure described in clause 4.2.3.
================================ Unchanged Texts Omitted =================================
================================= End of TP#3 for TS 37.213 ================================
Proposal #5: If , the UL transmission performed with Cat-1 or Cat-2 LBT should be dropped, and the UL transmission performed with Cat-4 LBT can be transmitted with CP extension length of .
Proposal #6: The CWS for Msg3 can be adjusted based on the reception of Msg4.
Proposal #7: Adopt Text Proposal #4 into section 4.2.2.2 of TS 37.213.
================================ Start of TP#4 for TS 37.213 ================================
4.2.2.2	Contention window adjustment procedures for UL transmissions scheduled/configured by gNB
================================ Unchanged Texts Omitted =================================
If a UE transmits transmissions using Type 1 channel access procedures associated with the channel access priority class  on a channel and the transmissions are not associated with explicit or implicit HARQ-ACK feedbacks as described above in this subclause, the UE adjusts  before step 1 in the procedures described in subclause 4.2.1.1, using the latest  used for any UL transmissions associated with explicit or implicit HARQ-ACK feedbacks on the channel using Type 1 channel access procedures associated with the channel access priority class . If the corresponding channel access priority class  has not been for any UL transmission on the channel,  is used.
================================ Unchanged Texts Omitted =================================
================================= End of TP#4 for TS 37.213 ================================
Proposal #8: The reference duration for UL CWS adjustment can be defined in the recent UL burst starting before n-X, where n and X correspond to the starting time of UL grant and the minimum time between UL grant and the end of reference duration, respectively, and X is configured by RRC signalling or is set to the same value with cg-minDFIDelay-r16.

7. Reference
RAN1#99 Chairman’s note
RAN1#100-e Chairman’s note
RAN1#100b-e Chairman’s note
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