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Introduction
[bookmark: _Ref129681832]In the RAN#84 plenary meeting, the contents of the Rel16 work item for eURLLC has been approved [1], both enhanced power control schemes and uplink cancellation shall be specified for supporting inter-UE multiplexing on shared resources. Text proposals and initial ideas have already been agreed and are captured in TR 38.824[2]. In RAN1#98 and #98b, progress has been made on the schemes for UL cancelation and for power control when URLLC is scheduled with a dynamic grant. In this contribution, we focus mainly on remaining aspects for uplink cancellation.
Discussion 
The detailed design of UL cancelation needs to be discussed considering several factors, such as the monitoring of UL cancelation, UE behavior upon reception of UL CI, etc.
Monitoring of UL cancelation
The monitoring behavior of UL cancelation should be discussed to reduce the monitoring effort and save the power of the victim UE. Some simplified approach of monitoring can be introduced, such as a monitoring window of UL cancelation. The UE would only monitor UL cancelation in the configured window, which includes the start and end of monitoring. And the monitoring window must be wide enough so that the UL transmission can be cancelled in time. The UE starts monitoring UL cancelation at least at the latest monitoring occasion ending no later than X symbols before the start of the UL transmission, and stops monitoring UL cancelation from X symbols before the end of relevant UL transmission, and X is related to UL CI processing time, as shown in Figure 1.

[bookmark: _Ref23411196]Figure 1 UL cancelation monitoring window
One important aspect in this context is the CCE/BD counting for the PDCCH candidate overbooking. For this the number of required CCEs and BDs needs to be counted in each slot (for Rel-15) and possibly in each span for Rel-16. The monitoring occasions are known in advance based upon RRC configuration. This functionality shall not be impacted by potentially dynamically deactivated monitoring occasions due to the absence of UL transmissions.
[bookmark: _Ref23191885]Proposal 1: RAN1 should support the monitoring window for UL cancelation
· For UL transmissions with and without associated PDCCH, UE starts monitoring UL CI at least at the latest monitoring occasion ending no later than X symbols before the start of the UL transmission, and X is related to UL CI processing time
· UE may stop monitoring UL CI from X symbols before the end of  relevant UL transmission, and X is related to UL CI processing time
· Note: The CCE/BD counting is not impacted by dynamically deactivated monitoring of  UL cancelation 

Potentially cancelable UL transmissions
When UL cancelation is used for periodic UL transmission of configured grant with repetitions, the impacted transmissions can be cancelled. For example assuming that the one repetition is cancelled due to UL CI, then, if the RV of next transmission is not RV0, there is no point in transmitting it even if it is not colliding with another UE’s transmission. Thus, the resuming of configured grant repetition after cancelation should be at the repetition with RV0. 
[bookmark: _Ref23191907][bookmark: _Ref19715042]Proposal 2: Configured grant PUSCH repetitions impacted by UL CI should be resumed at the TO with RV0.
UL cancelation signaling design
The reference time region where a detected UL CI should start from X symbols after the ending symbol of the PDCCH CORESET carrying the UL CI, where X is equal to the minimum processing time for UL cancelation. X can be configured to be larger than the minimum processing time for UL cancelation, and X may be equal to or larger than the maximum processing time for UL cancelation, as long as the reference time region starts after the processing of UL CI. And it was agreed that the duration of the reference time region is configured by RRC, the possible values could be larger, such as, slot(s) or half-slot while the granularity could be adaptive. The time domain granularity for the reference time region should match the scheduling granularity of URLLC transmissions. RAN1 should support at least 2OS, 4OS and 7OS.
[bookmark: _Ref24105173]Proposal 3: The reference time region starts from X symbols after the ending symbol of the PDCCH CORESET carrying the UL CI, where X can be larger the processing time for UL cancelation.
Enhancements of non-overlapping #CCEs/#BDs
For some scenarios, especially at lower sub-carrier spacing, multiple monitoring occasions per slot have to be configured for UL CI. In order to ensure a sufficient reliability, the aggregation level should be rather high. Therefore, it has been brought up that the maximum number of non-overlapping CCEs and blind decodes for PDCCH monitoring should be increased.
Because the aggregation level for UL CI is rather large, it will not be possible to fit in many PDCCH candidates in the search space. Thus, the need for blind decodes is rather limited and the available 44 BDs are sufficient, at least for pure eMBB UEs. For UEs supporting eMBB and URLLC, the PDCCH monitoring capability should not exceed the limits that will be defined in the agenda item for enhanced PDCCH monitoring.
[bookmark: _Ref20478463]Proposal 4: For the monitoring of UL CI, there is no need to increase the number of Blind Decodes for UEs that only support eMBB. For a UE that is supporting eMBB and URLLC, the upper limit should not exceed the limits for enhanced PDCCH monitoring according to the discussions in agenda item 7.6.2.1.
For the maximum number of non-overlapping CCEs, it is not clear if the Rel-15 numbers are sufficient. But as an upper limit it is not required that the eMBB UE has to monitor the UL CI more often than the URLLC UE has to monitor PDCCH for scheduling grants. 
[bookmark: _Ref20478470]Proposal 5: The maximum number of non-overlapping CCEs for monitoring UL CI does not need to be increased beyond the limits that are applicable for URLLC UEs in Rel-16.
UL cancellation when switching the active BWP
A Rel-15 UE that is indicated in the UL grant to switch its active BWP, is not required to send or receive any data before the start of the slot that is indicated by the slot offset value K2 indicated in the scheduling DCI. From 38.213, Section 12:
	If a UE detects a DCI format 0_1 indicating an active UL BWP change for a cell, the UE is not required to receive or transmit in the cell during a time duration from the end of the third symbol of a slot where the UE receives the PDCCH that includes the DCI format 0_1 in the scheduling cell until the beginning of a slot indicated by the slot offset value of the time domain resource assignment field in the DCI format 0_1.



Furthermore, after the BWP switch, the UE is not transmitting or receiving during the BWP switch delay period. This period is specified in 38.133[3]:
Table 1 – BWP Switch delay
	[image: ]
	NR Slot length (ms)
	BWP switch delay TBWPswitchDelay (slots)

	
	
	Type 1Note 1
	Type 2Note 1

	0
	1
	1
	3

	1
	0.5
	2
	5

	2
	0.25
	3
	9

	3
	0.125
	6
	18

	Note 1:	Depends on UE capability.
Note 2:	If the BWP switch involves changing of SCS, the BWP switch delay is determined by the larger one between the SCS before BWP switch and the SCS after BWP switch.



The BWP Switch Delay can be a smaller number of slots than the indicated slot offset value. Following the Rel-15 rule, the eMBB UE would not monitor the PDCCH before the start of the slot that is indicated in the scheduling grant. This is illustrated in Figure 2 below. The BWP delay is 2 slots but the indicated slot-offset value is 3 slots. In the slot preceding the scheduled eMBB PUSCH transmission, the eMBB is not monitoring any signal and can therefore not receive any information to cancel its PUSCH. Thus, after a BWP switch all slots after the BWP switch delay duration and before the start of the slot that contains the scheduled PUSCH, are blocked for the reception of UL CI.    

[bookmark: _Ref20427834]Figure 2 – UL CI cannot be detected because of BWP switch
Based on the discussion above, we make the following observation:
[bookmark: _Ref20428884][bookmark: _Ref20478605]Observation 1: In case of a BWP switch, 
· When K2 is equal to the BWP switch delay, i.e. when the eMBB PUSCH would start directly after the BWP switch delay, the eMBB UE cannot receive UL CI and cannot cancel its PUSCH. 
· When K2 is larger than the BWP switch delay, following the Rel-15 rule, the eMBB UE cannot receive UL CI during the BWP switch delay and neither during the “K2-BWP switch delay” slots before the start of the eMBB PUSCH.
Based on Observation 1, the following observation is made: 
[bookmark: _Ref24136937][bookmark: _Ref20478615]Observation 2: Following Rel-15, an eMBB UE that is indicated to switch its active BWP cannot be indicated to cancel its scheduled uplink transmission in the new BWP.
In our view, this characteristic is not desirable, because it would basically preclude to operate the active BWP switch together with UL cancellation. Nothing can be done about the first bullet of Observation 1, but the second bullet can be changed in Rel-16 and the behavior can be improved. The UE could start monitoring the PDCCH already at the start of the next slot after the BWP switch delay, it does not need to wait until the indicated slot-offset value for its uplink transmission. We are therefore making the following proposal:
[bookmark: _Ref24136722][bookmark: _Ref20478591]Proposal 6: For the BWP operation in Rel-16, change the BWP switching behavior as follows compared to Rel-15:
· If a UE detects a DCI format 0_1 indicating an active UL BWP change for a cell, the UE is not required to receive or transmit in the cell during a time duration from the end of the third symbol of a slot where the UE receives the PDCCH that includes the DCI format 0_1 in the scheduling cell until the beginning of a slot after the end of the BWP switch delay beginning of a slot indicated by the slot offset value of the time domain resource assignment field in the DCI format 0_1.   
•   If a UE support UL CI, the UE shall detect UL CI signaling after the beginning of the next slot following the BWP switch delay
Conclusion
Based on the discussion of the paper, we make the following observations and proposals:
Proposal 1: RAN1 should support the monitoring window for UL cancelation
· For UL transmissions with and without associated PDCCH, UE starts monitoring UL CI at least at the latest monitoring occasion ending no later than X symbols before the start of the UL transmission, and X is related to UL CI processing time
· UE may stop monitoring UL CI from X symbols before the end of  relevant UL transmission, and X is related to UL CI processing time
· Note: The CCE/BD counting is not impacted by dynamically deactivated monitoring of  UL cancelation 
Proposal 2: Configured grant PUSCH repetitions impacted by UL CI should be resumed at the TO with RV0.
Proposal 3: The reference time region starts from X symbols after the ending symbol of the PDCCH CORESET carrying the UL CI, where X can be larger the processing time for UL cancelation.
Proposal 4: For the monitoring of UL CI, there is no need to increase the number of Blind Decodes for UEs that only support eMBB. For a UE that is supporting eMBB and URLLC, the upper limit should not exceed the limits for enhanced PDCCH monitoring according to the discussions in agenda item 7.6.2.1.
[bookmark: _GoBack]Proposal 5: The maximum number of non-overlapping CCEs for monitoring UL CI does not need to be increased beyond the limits that are applicable for URLLC UEs in Rel-16.
Observation 1: In case of a BWP switch, 
· When K2 is equal to the BWP switch delay, i.e. when the eMBB PUSCH would start directly after the BWP switch delay, the eMBB UE cannot receive UL CI and cannot cancel its PUSCH. 
· When K2 is larger than the BWP switch delay, following the Rel-15 rule, the eMBB UE cannot receive UL CI during the BWP switch delay and neither during the “K2-BWP switch delay” slots before the start of the eMBB PUSCH.
Observation 2: Following Rel-15, an eMBB UE that is indicated to switch its active BWP cannot be indicated to cancel its scheduled uplink transmission in the new BWP.
Proposal 6: For the BWP operation in Rel-16, change the BWP switching behavior as follows compared to Rel-15:
· If a UE detects a DCI format 0_1 indicating an active UL BWP change for a cell, the UE is not required to receive or transmit in the cell during a time duration from the end of the third symbol of a slot where the UE receives the PDCCH that includes the DCI format 0_1 in the scheduling cell until the beginning of a slot after the end of the BWP switch delay beginning of a slot indicated by the slot offset value of the time domain resource assignment field in the DCI format 0_1.   
•   If a UE support UL CI, the UE shall detect UL CI signaling after the beginning of the next slot following the BWP switch delay
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