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Introduction
In RAN1 #100-bis e-meeting [1], two email threads are carried out to address the remaining issues for Rel-16 cross-slot scheduling adaptation, and the outcomes are summarized in the feature lead summary [2]. From the summary, the following remain to be resolved in this meeting:
1. TP to clarify the application timing of a K0min/K2min change indicated by a cross-carrier scheduling that is before the DCI indicating active BWP change to a target BWP of different numerology in the scheduling cell.

2. For an active BWP with scheduling offset restriction(s) configured and when UE detects an invalid TDRA entry violating current applied K0min/K2min from DCI format 1_0/0_0, one of the following is decided in RAN1 #101-e meeting:
· Alt 1: Additional RAN1 specification is defined for handling such error case 
· Solution to be converged from companies’ proposals to RAN1 #101-e
· Alt 2: No additional RAN1 specification is defined for handling such error case

To complete the maintenance, the below aspects are also suggested for discussion and decision:
3. UE assistance information for cross-carrier scheduling case:
· To complete the FFS on UE reporting for preferred K0min and K2min for cross-carrier scheduling case in the previous RAN1 agreement:
	Agreements (RAN1#98b):
UE higher layer signalling (detailed mechanisms up to RAN2) of suggested minimum applicable values for K0/K2 (one for each) for applying cross-slot scheduling is supported:
· For each of the all possible SCSs, the values are reported separately
· For same-carrier scheduling, each suggested value is in the range from 1 to 
· 15kHz/30kHz SCS: [2-4] slots
· 60kHz/120kHz SCS: [4-8] slots 
· FFS how to apply the values to the cross-carrier scheduling case in terms of minimum applicable value


	Agreements (RAN1#99):
· For K0/K2 under same-carrier scheduling, possible suggested values by the UE are:
· 15kHz/30kHz SCS: {1, 2, 4, 6} slots
· 60kHz/120kHz SCS: {2, 4, 8, 12} slots



4. Confirming working assumptions

5. Editorial revisions

The above items will be addressed in the following sections accordingly.
TP to Clarify Application Timing
As noted in [2], there is a TP remaining to be decided:

	· For 3rd item: Clarify the application timing of a K0min/K2min change indicated by a cross-carrier scheduling that is before the DCI indicating active BWP change to a target BWP of different numerology in the scheduling cell. 

For this agreement item, there is no consensus on the applied TP. Since this clarification has been agreed, it remains to discuss/specify the corresponding TP in next RAN1 meeting (#101-e).



To assist the understanding, Figure 1 illustrates the case for clarifying the application timing, and a corresponding TP is suggested in Proposal 1: 

[image: ]
[bookmark: _Ref40384787]Figure 1: Illustration of the case for clarifying the application timing
[bookmark: _Ref40444833][bookmark: _Ref40444915]
Proposal 1: The following TP is incorporated to Section 5.3.1 of TS 38.214:
	[bookmark: _Toc29673195][bookmark: _Toc29673336][bookmark: _Toc29674329]5.3.1 Application delay of the minimum scheduling offset restriction
<omitted text>

When the UE is scheduled with DCI format 0_1 or 1_1 with a ‘Minimum applicable scheduling offset indicator’ field in slot n, it shall determine the K0min and K2min values to be applied, while the previously applied K0min and K2min values are applied until the new values take effect. If the DCI in slot n also indicates an active DL (UL) BWP change for a serving cell, the indicated K0min (K2min) value in the new active DL (UL) BWP, if configured, is applied from the slot indicated by the slot offset value of the time domain resource assignment field in the DCI. Otherwise, change of applied minimum scheduling offset restriction indication carried by DCI in slot n, shall be applied in slot n+X of the scheduling cell. The UE does not expect to be scheduled with DCI format 0_1 or 1_1 with ‘Minimum applicable scheduling offset indicator’ field indicating another change to the applied K0min and K2min for the same active BWP before slot n+X of the scheduling cell. If there is active DL BWP change in the scheduling cell after a change indication to a scheduled cell by cross-carrier scheduling in slot n, the application delay is converted as  where  is the numerology of the active DL BWP of the scheduling cell when sending the change indication in slot n, and  is the numerology of the new active DL BWP of the scheduling cell.

<omitted text>



Error Handling if Detecting Invalid TDRA entry from Fallback DCI 
In RAN1#101-Bis-e, the following agreement requires further discussion and decision:
	Agreements (RAN1#100-Bis-e):
For an active BWP with scheduling offset restriction(s) configured and when UE detects an invalid TDRA entry violating current applied K0min/K2min from DCI format 1_0/0_0, one of the following is decided in RAN1 #101-e meeting:
· Alt 1: Additional RAN1 specification is defined for handling such error case 
· Solution to be converged from companies’ proposals to RAN1 #101-e
· Alt 2: No additional RAN1 specification is defined for handling such error case



One example that may induce this issue is as follows:
i) UE misses a DCI format 1_1/0_1, causing mis-alignment in K0min and K2min with gNodeB
ii) UE then enters a region where only DCI format 1_0/0_0 can be received
· Since there is no cross-slot scheduling bit in DCI format 1_0/0_0, the mis-alignment cannot be recovered, and UE may drop the following DCIs due to invalid TDRA entry

The probability of the example may be low since
i) gNodeB can detect that UE missed a change indication/DCI and re-align UE via another DCI format 1_1/1_0 for retransmission(s).
ii) The probability that there is no such recovery time for gNodeB and UE is immediately trapped in a region not allowing DCI format 1_1/0_1 is likely low under a reasonable network deployment

[bookmark: _Ref40444279]Observation 1: The probability that gNodeB cannot re-align UE for missed K0min and K2min indication should be low under reasonable deployment/coverage.

If the above case indeed happens, gNodeB can still do the recovering via existing solutions. In particular,
· When DCI and timer based BWP switch is supported, BWP time-out mechanism can be used to align gNodeB’s and UE’s understanding in K0min and K2min via fallback to default BWP. 
· For the case UE doesn’t support DCI and timer based BWP switch, gNodeB can still use RRC indication to indicate UE back to initial BWP or remove the configuration of K0min or K2min in current active BWP.

As the probability of such error case is low, it is sufficient to reuse existing mechanism for handling, and new specification is not suggested.
[bookmark: _Ref40444509]
Observation 2: Existing error handling schemes, including BWP time-out or RRC reconfiguration can be used to resolve this error case. Since the probability of such error case is low, the latency of reusing existing solutions is acceptable.
[bookmark: _Ref40444534]
Proposal 2: For an active BWP with scheduling offset restriction(s) configured and when UE detects an invalid TDRA entry violating current applied K0min/K2min from DCI format 1_0/0_0, the following Alt is suggested:
· Alt 2: No additional RAN1 specification is defined for handling such error case 



UE Assistance Information for Cross-Carrier Scheduling Case
In previous RAN1 meetings, the range of UE assistance information for cross-slot scheduling is decided based on same-carrier scheduling:

	Agreements (RAN1#98b):
UE higher layer signalling (detailed mechanisms up to RAN2) of suggested minimum applicable values for K0/K2 (one for each) for applying cross-slot scheduling is supported:
· For each of the all possible SCSs, the values are reported separately
· For same-carrier scheduling, each suggested value is in the range from 1 to 
· 15kHz/30kHz SCS: [2-4] slots
· 60kHz/120kHz SCS: [4-8] slots 
· FFS how to apply the values to the cross-carrier scheduling case in terms of minimum applicable value


	Agreements (RAN1#99):
· For K0/K2 under same-carrier scheduling, possible suggested values by the UE are:
· 15kHz/30kHz SCS: {1, 2, 4, 6} slots
· 60kHz/120kHz SCS: {2, 4, 8, 12} slots



For cross-carrier scheduling, setting K0min to 16 is beneficial for the case:
· PCell SCS is 15 kHz and SCell SCS is 120 kHz
· PCell PDCCH may be allocated out of first 3 symbols and close to the end of a slot

[image: ]

On the other hand, if gNodeB want to simply follow UE suggested K0min value for the SCell of SCS 120 kHz, there is no such candidate value for UE assistance information. The most straight-forward solution to include cross-carrier scheduling case is suggested as follows:
[bookmark: _Ref40444574]
Proposal 3: To extend UE assistance information for cross-carrier scheduling case, the range for 60 kHz or 120 kHz SCS is revised as {2, 4, 8, 1216} slots.
· Send LS to RAN2 to inform the range change
· Note: gNodeB can apply UE suggested K0min and K2min values to both same-carrier scheduling and cross-carrier scheduling cases.
Other Remaining Issues
In addition to the above three major remaining issues, we suggest to complete the maintenance by:
· Confirming working assumptions
· Editorial revisions

For the first item, the following proposal is suggested:
[bookmark: _Ref40444597]Proposal 4: For Rel-16 cross-slot scheduling adaptation, the following working assumptions are confirmed:
	Agreements (RAN1 #99):
For PDCCH monitoring case 1-1 for Cross-carrier scheduling, the application delay of cross-slot scheduling adaptation, denoted by X slot(s) for the scheduling cell, is determined by
· X = max(Y, Z)
· Z is determined by the SCS of the active DL BWP of the scheduling cell and takes value of 1/1/2/2 slot(s) for DL SCS of 15/30/60/120 KHz, respectively
· Y is determined as one of the following alternatives:
· (working assumption) ceiling(minK0,scheduled*2^scheudling/2^scheudled), where minK0,scheduled the minimum applicable K0 value of the active DL BWP of the scheduled cell prior to the change indication for the scheduled cell, scheudling and scheudled are the SCS indices for the scheduling cell and the scheduled cell, respectively.  


	Agreement (RAN1 #100b-e):
For DCI scheduling PDSCH or PUSCH and indicating active BWP change,
· (Working assumption) K0/K2 is no smaller than max(K0min/K2min of source BWP, BWP switch delay) 
· Numerology conversion is applied to K0min/K2min in case of numerology change between target BWP and source BWP. 
· The indicated K0min/K2min of target BWP is always applied starting from the slot of PDSCH or PUSCH scheduled by the DCI
· Clarify the application timing of a K0min/K2min change indicated by a cross-carrier scheduling that is before the DCI indicating active BWP change to a target BWP of different numerology in the scheduling cell. 


	Agreements (RAN1 #100b-e):
· The minimum scheduling offset restriction is not applied when PDSCH transmission is scheduled with MsgB-RNTI.
· (Working assumption) The minimum scheduling offset restriction is not applied when PDSCH transmission is scheduled with C-RNTI or MCS-C-RNTI in the search space set provided by recoverySearchSpacdId when monitoring PDCCH as described in Section 6 [38.213].




For editorial revisions, the following proposals are suggested:
[bookmark: _Ref40444670]
Proposal 5: Consider the following TPs for clarification purpose:
· minimumSchedulingOffset is specified as minimumSchedulingOffsetK0 or minimumSchedulingOffsetK2 in Section 5.2.1.5.1 of TS 38.214
· We have made the change in Sections 5.1.2.1 and 6.1.2.1, it is consistent to make the change to Section 5.2.1.5.1 to avoid confusion.
	5.2.1.5.1 Aperiodic CSI Reporting/Aperiodic CSI-RS when the triggering PDCCH and the CSI-RS have the same numerology
<omitted text>
When aperiodic CSI-RS is used with aperiodic reporting, the CSI-RS offset is configured per resource set by the higher layer parameter aperiodicTriggeringOffset, including the case that the UE is not configured with minimumSchedulingOffsetK0 for any DL BWP or minimumSchedulingOffsetK2 for any UL BWP and all the associated trigger states do not have the higher layer parameter qcl-Type set to 'QCL-TypeD' in the corresponding TCI states. The CSI-RS triggering offset has the values of {0, 1, 2, 3, 4, 5, 6, …, 15, 16, 24} slots. If the UE is not configured with minimumSchedulingOffsetK0 for any DL BWP or minimumSchedulingOffsetK2 for any UL BWP and if all the associated trigger states do not have the higher layer parameter qcl-Type set to 'QCL-TypeD' in the corresponding TCI states , the CSI-RS triggering offset is fixed to zero. The aperiodic triggering offset of the CSI-IM follows offset of the associated NZP CSI-RS for channel measurement.
<omitted text>



· Clarification for the case no minimum scheduling offset restriction is configured in Section 5.3.1 of TS 38.214:
	5.3.1 Application delay of the minimum scheduling offset restriction

<omitted text>

When the DCI format 0_1 or 1_1 with [‘Minimum applicable scheduling offset indicator’] field indicating a change to the applied K0min or K2min is contained within the first three symbols of the slot, the value of application delay X is determined by, where  K0minOld is the currently applied K0min value of the active DL BWP in the scheduled cell, if configured, and is set to zero otherwise, and Zµ is determined by the subcarrier spacing of the active DL BWP in the scheduling cell, and given in Table 5.3.1-1 and µPDCCH and µPDSCH are the sub-carrier spacing configurations for PDCCH and PDSCH, respectively 

<omitted text>



[bookmark: _Ref40444847]Proposal 6: Removal of square bracket in Section 5.3.1 as follows:
	5.3.1 Application delay of the minimum scheduling offset restriction

<omitted text>

When the DCI format 0_1 or 1_1 with [‘Minimum applicable scheduling offset indicator’] field indicating a change to the applied K0min or K2min is contained within the first three symbols of the slot, the value of application delay X is determined by, where  K0minOld is the currently applied K0min value of the active DL BWP in the scheduled cell, and Zµ is determined by the subcarrier spacing of the active DL BWP in the scheduling cell, and given in Table 5.3.1-1 and µPDCCH and µPDSCH are the sub-carrier spacing configurations for PDCCH and PDSCH, respectively 
When the DCI format 0_1 or 1_1 with [‘Minimum applicable scheduling offset indicator’] field is received outside the first [three] symbols of the slot, value of Zµ from Table 5.3.1-1 is incremented by one before determining the application delay X.
<omitted text>





Summary
In this contribution, the remaining issues for Rel-16 cross-slot scheduling adaptation are resolved. In particular, the following are provided:

Proposal 1: The following TP is incorporated to Section 5.3.1 of TS 38.214:
	5.3.1 Application delay of the minimum scheduling offset restriction
<omitted text>

When the UE is scheduled with DCI format 0_1 or 1_1 with a ‘Minimum applicable scheduling offset indicator’ field in slot n, it shall determine the K0min and K2min values to be applied, while the previously applied K0min and K2min values are applied until the new values take effect. If the DCI in slot n also indicates an active DL (UL) BWP change for a serving cell, the indicated K0min (K2min) value in the new active DL (UL) BWP, if configured, is applied from the slot indicated by the slot offset value of the time domain resource assignment field in the DCI. Otherwise, change of applied minimum scheduling offset restriction indication carried by DCI in slot n, shall be applied in slot n+X of the scheduling cell. The UE does not expect to be scheduled with DCI format 0_1 or 1_1 with ‘Minimum applicable scheduling offset indicator’ field indicating another change to the applied K0min and K2min for the same active BWP before slot n+X of the scheduling cell. If there is active DL BWP change in the scheduling cell after a change indication to a scheduled cell by cross-carrier scheduling in slot n, the application delay is converted as  where  is the numerology of the active DL BWP of the scheduling cell when sending the change indication in slot n, and  is the numerology of the new active DL BWP of the scheduling cell.

<omitted text>



Observation 1: The probability that gNodeB cannot re-align UE for missed K0min and K2min indication should be low under reasonable deployment/coverage.

Observation 2: Existing error handling schemes, including BWP time-out or RRC reconfiguration can be used to resolve this error case. Since the probability of such error case is low, the latency of reusing existing solutions is acceptable.

Proposal 2: For an active BWP with scheduling offset restriction(s) configured and when UE detects an invalid TDRA entry violating current applied K0min/K2min from DCI format 1_0/0_0, the following Alt is suggested:
· Alt 2: No additional RAN1 specification is defined for handling such error case 

Proposal 3: To extend UE assistance information for cross-carrier scheduling case, the range for 60 kHz or 120 kHz SCS is revised as {2, 4, 8, 1216} slots.
· Send LS to RAN2 to inform the range change
· Note: gNodeB can apply UE suggested K0min and K2min values to both same-carrier scheduling and cross-carrier scheduling cases.

Proposal 4: For Rel-16 cross-slot scheduling adaptation, the following working assumptions are confirmed:
	Agreements (RAN1 #99):
For PDCCH monitoring case 1-1 for Cross-carrier scheduling, the application delay of cross-slot scheduling adaptation, denoted by X slot(s) for the scheduling cell, is determined by
· X = max(Y, Z)
· Z is determined by the SCS of the active DL BWP of the scheduling cell and takes value of 1/1/2/2 slot(s) for DL SCS of 15/30/60/120 KHz, respectively
· Y is determined as one of the following alternatives:
· (working assumption) ceiling(minK0,scheduled*2^scheudling/2^scheudled), where minK0,scheduled the minimum applicable K0 value of the active DL BWP of the scheduled cell prior to the change indication for the scheduled cell, scheudling and scheudled are the SCS indices for the scheduling cell and the scheduled cell, respectively.  


	Agreement (RAN1 #100b-e):
For DCI scheduling PDSCH or PUSCH and indicating active BWP change,
· (Working assumption) K0/K2 is no smaller than max(K0min/K2min of source BWP, BWP switch delay) 
· Numerology conversion is applied to K0min/K2min in case of numerology change between target BWP and source BWP. 
· The indicated K0min/K2min of target BWP is always applied starting from the slot of PDSCH or PUSCH scheduled by the DCI
· Clarify the application timing of a K0min/K2min change indicated by a cross-carrier scheduling that is before the DCI indicating active BWP change to a target BWP of different numerology in the scheduling cell. 


	Agreements (RAN1 #100b-e):
· The minimum scheduling offset restriction is not applied when PDSCH transmission is scheduled with MsgB-RNTI.
· (Working assumption) The minimum scheduling offset restriction is not applied when PDSCH transmission is scheduled with C-RNTI or MCS-C-RNTI in the search space set provided by recoverySearchSpacdId when monitoring PDCCH as described in Section 6 [38.213].




Proposal 5: Consider the following TPs for clarification purpose:
· minimumSchedulingOffset is specified as minimumSchedulingOffsetK0 or minimumSchedulingOffsetK2 in Section 5.2.1.5.1 of TS 38.214
· We have made the change in Sections 5.1.2.1 and 6.1.2.1, it is consistent to make the change to Section 5.2.1.5.1 to avoid confusion.
	5.2.1.5.1 Aperiodic CSI Reporting/Aperiodic CSI-RS when the triggering PDCCH and the CSI-RS have the same numerology
<omitted text>
When aperiodic CSI-RS is used with aperiodic reporting, the CSI-RS offset is configured per resource set by the higher layer parameter aperiodicTriggeringOffset, including the case that the UE is not configured with minimumSchedulingOffsetK0 for any DL BWP or minimumSchedulingOffsetK2 for any UL BWP and all the associated trigger states do not have the higher layer parameter qcl-Type set to 'QCL-TypeD' in the corresponding TCI states. The CSI-RS triggering offset has the values of {0, 1, 2, 3, 4, 5, 6, …, 15, 16, 24} slots. If the UE is not configured with minimumSchedulingOffsetK0 for any DL BWP or minimumSchedulingOffsetK2 for any UL BWP and if all the associated trigger states do not have the higher layer parameter qcl-Type set to 'QCL-TypeD' in the corresponding TCI states , the CSI-RS triggering offset is fixed to zero. The aperiodic triggering offset of the CSI-IM follows offset of the associated NZP CSI-RS for channel measurement.
<omitted text>



· Clarification for the case no minimum scheduling offset restriction is configured in Section 5.3.1 of TS 38.214:
	5.3.1	 Application delay of the minimum scheduling offset restriction

<omitted text>

When the DCI format 0_1 or 1_1 with [‘Minimum applicable scheduling offset indicator’] field indicating a change to the applied K0min or K2min is contained within the first three symbols of the slot, the value of application delay X is determined by, where  K0minOld is the currently applied K0min value of the active DL BWP in the scheduled cell, if configured, and is set to zero otherwise, and Zµ is determined by the subcarrier spacing of the active DL BWP in the scheduling cell, and given in Table 5.3.1-1 and µPDCCH and µPDSCH are the sub-carrier spacing configurations for PDCCH and PDSCH, respectively 

<omitted text>



Proposal 6: Removal of square bracket in Section 5.3.1 as follows:
	5.3.1 Application delay of the minimum scheduling offset restriction

<omitted text>

When the DCI format 0_1 or 1_1 with [‘Minimum applicable scheduling offset indicator’] field indicating a change to the applied K0min or K2min is contained within the first three symbols of the slot, the value of application delay X is determined by, where  K0minOld is the currently applied K0min value of the active DL BWP in the scheduled cell, and Zµ is determined by the subcarrier spacing of the active DL BWP in the scheduling cell, and given in Table 5.3.1-1 and µPDCCH and µPDSCH are the sub-carrier spacing configurations for PDCCH and PDSCH, respectively 
When the DCI format 0_1 or 1_1 with [‘Minimum applicable scheduling offset indicator’] field is received outside the first [three] symbols of the slot, value of Zµ from Table 5.3.1-1 is incremented by one before determining the application delay X.
<omitted text>
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  Introduction   In  RAN1 #100 - bis  e - meeting  [1] ,  two email threads  are carried out  to address the remaining issues for Rel - 16 cross - slot scheduling   adaptation ,   and the outcomes  are summarized in the feature lead   summary  [2] .   From the  summary , the following  remain   to be  resolved   in this meeting:   1.   TP to clarify the application timing  of a K0min/K2min change indicated by a cross - carrier scheduling  that is before the DCI indicating active BWP change to a target BWP of different numerology in the  scheduling cell.     2.   For an active BWP with scheduling offset restriction(s) configured and when UE detects an invalid  TDRA entry violating current applied K0min/K2min from DCI format 1_0/0_0, one of t he following is  decided in RAN1 #101 - e meeting:   o   Alt 1: Additional RAN1 specification is defined for handling such error case       Solution to be converged from companies’ proposals to RAN1 #101 - e   o   Alt 2: No additional RAN1 specification is defined for handling  such error case     To complete the maintenance , the  below   aspects  are also suggested for discussion and decision :   3.   UE assistance information  for   cross - carrier scheduling case:   o   To complete the   FFS on UE reporting for preferred K0min and K2min fo r cross - carrier   scheduling case in  the  previous RAN1 agreement :  

Agreements   ( RAN1#98b ) :   UE  higher layer  signalling (detailed mechanisms up to RAN2) of suggested minimum   applicable  value s  for K 0/ K2   (one for each)   for applying cross - sl ot scheduling   is supported :      Fo r  each of the all possible SCSs, the values are reported  se parately      For   same - carrier scheduling , e ach   s uggested value   is in the range from 1 to    o   15 kHz/30 kHz SCS :   [ 2 - 4] slots   o   60kH z/120kH z SCS :  [ 4 - 8 ]   slots        FFS  how to app ly the  values to the cross - carrie r scheduling case   in terms of  minimum applicable  value    

Agreeme nt s   ( RAN1#99 ) :      For  K0/K 2 under  same - carrier scheduling,  possible   suggested value s   by the UE   a re:   o   15kHz/30kHz SCS: {1, 2, 4, 6} slots   o   60kHz/120kHz SCS: {2, 4,  8, 12 } slots  

  4.   Confirming working assumptions     5.   E ditorial rev i sions     The above items will be addre ssed in the following sections accordingly.  

