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Introduction
In RAN1#100b-e [1], the following were agreed:
Agreements:
For DCI scheduling PDSCH or PUSCH and indicating active BWP change,
1. (Working assumption) K0/K2 is no smaller than max(K0min/K2min of source BWP, BWP switch delay) 
0. Numerology conversion is applied to K0min/K2min in case of numerology change between target BWP and source BWP. 
1. The indicated K0min/K2min of target BWP is always applied starting from the slot of PDSCH or PUSCH scheduled by the DCI
1. 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. 
1. Further discuss TP based on the following initial TP:
	(Revision to 1st paragraph of Section 5.3.1 of TS 38.214 )
When the UE is scheduled with DCI format 0_1 or 1_1 with a ['Minimum applicable scheduling offset indicator'] field, 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 after application delay. Change of applied minimum scheduling offset restriction indication for the same active BWP 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 or K2min for the same active BWP before slot n+X of the scheduling cell.

… (Unchanged paragraphs are omitted)…

(Additional paragraph in Section 5.3.1)
For a time quantity (X) defined in slots (i.e. K0min, K2min [and the application delay]) corresponding to the original active BWP’s numerology, if the slot definition is changed due to active BWP switch across different numerologies, the time quantity should be converted to the slot definition corresponding to the new BWP’s numerology according to ceiling(X*2^(_{BWP,new})/2^(_{BWP,old}) )before it is applied.



Agreements:
· The minimum scheduling offset restriction is not applied when PDSCH transmission is scheduled with MsgB-RNTI.
· When the minimum scheduling offset restriction is applied the UE is not expected to be scheduled with a DCI in slot n to transmit a PUSCH scheduled with SP-CSI-RNTI with K2 smaller than the applicable minimum scheduling offset restriction K2min.
· 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
· Aperiodic CSI-RS triggering offset value range is extended from {0, 1, 2, 3, 4, 16, 24} to {0, 1, 2, 3, 4, 5, 6, …, 15, 16, 24}
· (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 recoverySearchSpacedId when monitoring PDCCH as described in Section 6 [38.213].

Conclusoin:
· RAN1 has no consensus in specifying additional UE behavior when receiving different values in ['Minimum applicable scheduling offset indicator'] field of DCI format 1-1 and that of format 0-1, if both transmitted in the same slot

This contribution considers remaining issues on cross-slot scheduling based power saving techniques.
Remaining issues of cross-slot scheduling based power saving techniques
Remaining issues for cross-BWP scheduling
Handling cross-BWP scheduling when all TDRA entries are invalid 
It is agreed that Kmin value received in the active BWP is also applicable for the inactive BWP after numerology conversion for the scheduling restriction. After Kmin value is applied to the target BWP, it can be happen that all entries in TDRA table for the target BWP are invalid as shown in Figure 1. This can happen easily for the cases as below:
· Default TDRA table is used for the target BWP
· SCS of the target BWP is larger than that of the source BWP 
If there is no valid entry for the target BWP after applying Kmin value, it is not possible to directly schedule data to the target BWP when UE is operated with cross-slot scheduling based power saving mode in the source BWP. Typically, cross-slot scheduling will be used to handle light and latency tolerant data traffic. Therefore, the “power saving” BWP would be configured with a TDRA table including larger K0 value and a smaller SCS. On the other hand, “non-power saving” BWP will be configured to handle heady and latency sensitive data traffic, so that the TDRA table for the BWP would typically include smaller K0 value and a larger SCS. Therefore, when the UE is operating in “power saving” BWP and if the UE receives Kmin value during that time, the UE cannot be scheduled an urgent data through the “non-power saving” BWP if all TDRA entries are invalid. To resolve the issue, it is preferred to allow to schedule PDSCH/PUSCH on the target BWP although there is no valid entries after applying Kmin value. Simply, the UE can assume that the scheduling offset for the PDSCH/PUSCH scheduled in target BWP is the equal to current K0min/K2min if there is no valid TDRA entries.

Proposal 1: If UE receives a DCI format scheduling PDSCH/PUSCH to a target BWP and all TDRA entries of the target BWP are invalid after applying K0min/K2min, the UE assumes that scheduling offset of the PDSCH/PUSCH is equal to current K0min/K2min value.



Figure 1. Scheduling restriction for inactive BWP

UE fallback operation
During RAN1#100b-e, it was discussed that how to handle the case when UE detects an invalid TDRA entry violating current applied K0min/K2min from DCI format 0_0/1_0 and it is still open. 
Above issue can be happen when the UE misses a DCI indicating a new Kmin value. For DCI format 0_1/1_1, the UE can receive the Kmin value later, so that the understanding on Kmin value between gNB and UE can be aligned easily. However, this self-restoring is not possible for DCI format 0_0/1_0 since these DCI format do not include Kmin indication field. Typically, DCI format 0_0/1_0 is used for data scheduling for the UE with poor channel condition, e.g., cell-edge UE. Once the UE is operating in cell-edge area, it would be difficult to receive DCI format 0_1/1_1 indicating Kmin value. Then, the UE will continue keep discard the DCI format 0_0/1_0 indicating invalid TDRA entry until the UE move to cell-center where DCI format 0_1/1_1 is available. Therefore, the system may not be workable well. To resolve the problem, it is preferred to specify UE behaviour such as fallback operation (e.g., assuming lowest applicable value for Kmin) when the UE detects an invalid entry in TDRA table by DCI format 0_0 or 1_0.

Proposal 2: Alt 1 is supported for the issue below:
· 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

Proposed TP for TS 38.214 [2]
	5.1.2.1	Resource allocation in time domain
================================ Unchanged part is omitted =================================
When the UE configured with [minimumSchedulingOffset] in an active DL BWP it applies a minimum scheduling offset restriction indicated by the [‘Minimum applicable scheduling offset indicator’] field in DCI format 0_1 or 1_1. When the UE configured with [minimumSchedulingOffset] in active DL BWP and it has not received [‘Minimum applicable scheduling offset indicator’] field in DCI format 0_1 or 1_1, UE shall apply a minimum scheduling offset restriction indicated based on [‘Minimum applicable scheduling offset indicator’] value ‘0’. When the minimum scheduling offset restriction is applied the UE is not expected to be scheduled with a DCI in slot n to receive a PDSCH scheduled with C-RNTI, CS-RNTI or MCS-C-RNTI with K0 smaller than the applicable minimum scheduling offset restriction K0min. If a UE is indicated a K0 value smaller than the applicable minimum scheduling offset restriction K0min by DCI format 1_0, the UE shall apply a minimum scheduling offset restriction indicated based on [‘Minimum applicable scheduling offset indicator’] value ‘0’.
================================ Unchanged part is omitted =================================
6.1.2.1	Resource allocation in time domain
================================ Unchanged part is omitted =================================
When the UE configured with [minimumSchedulingOffset] in active UL BWP it applies a minimum scheduling offset restriction indicated by the [‘Minimum applicable scheduling offset indicator’] field in DCI format 0_1 or 1_1. When the UE configured with [minimumSchedulingOffset] in active UL BWP and it has not received [‘Minimum applicable scheduling offset indicator’] field in DCI format 0_1 or 1_1, the UE shall apply a minimum scheduling offset restriction indicated based on [‘Minimum applicable scheduling offset indicator’] value ‘0’. When the minimum scheduling offset restriction is applied the UE is not expected to be scheduled with a DCI in slot n to transmit a PUSCH scheduled with C-RNTI, CS-RNTI or MCS-C-RNTI with K2 smaller than the applicable minimum scheduling offset restriction K2min in slot n. If a UE is indicated a K2 value smaller than the applicable minimum scheduling offset restriction K2min by DCI format 0_0, the UE shall apply a minimum scheduling offset restriction indicated based on [‘Minimum applicable scheduling offset indicator’] value ‘0’.



Application delay
Clarification on numerology conversion for cross-carrier scheduling
During RAN1#100b-e, it has been discussed to clarify the application delay when there happens numerology change due to the BWP change in the scheduling cell before the indicated Kmin value is applied in case of cross-carrier scheduling. In the current spec, the SCS of application delay is defined as the SCS of the PDCCH (μPDCCH), i.e., SCS of DL BWP of the scheduling cell and the SCS of K0minold is defined as the SCS of the PDSCH (μPDSCH). There can be some uncertainty on the definition of each SCS, if DL BWP in the scheduling cell is changed and/or DL BWP in the scheduled cell is changed.
- Clarification on μPDCCH: Considering the case of that the DL BWP in the scheduling cell is changed, we can clarify that μPDCCH is the SCS of DL BWP where the UE receives the DCI format. Figure 2 shows an example, how the UE assume μPDCCH when DL BWP in the scheduling cell is changed. The timeline based on the SCS of the DL BWP where the UE receives corresponding DCI format is maintained until the application delay ends.
- Clarification on μPDSCH: Application delay is applied to same-BWP scheduling case only. Therefore, change in μPDSCH will not happen. Additional clarification is not needed. If we define application delay for cross-BWP scheduling, we can revisit to clarify μPDSCH and K0minold.



Figure 2. Example of cross-carrier scheduling

Proposed TP for TS 38.214 [2]
	5.3.1 Application delay of the minimum scheduling offset restriction
================================= Unchanged part is omitted ===============================
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, 𝑋 = 𝑚𝑎𝑥 (⌈𝐾0𝑚𝑖𝑛𝑂𝑙𝑑 ∙ 2𝜇𝑃𝐷𝐶𝐶𝐻 2𝜇𝑃𝐷𝑆𝐶𝐻 ⌉ , 𝑍𝜇 ) 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 providing the DCI format and PDSCH, respectively



Exceptional case
For the brevity and consistency of UE behaviour, it is preferred to exclude all cases when default TDRA table is used are excluded from the scheduling restriction when Kmin is indicated. So far, all cases using default TDRA table are excluded except for the case of C-RNTI, MCS-C-RNTI, and CS-RNTI monitored in CSS associated with CORESET other than 0 or USS. For C-RNTI, MCS-C-RNTI, and CS-RNTI monitored in CSS associated with CORESET other than 0 or USS, if TDRA table is not configured to the UE, the UE assumes default A TDRA for the corresponding PDSCH scheduling. It is preferred to exclude this case as well since default A table does not include K0 is larger than 0. 

Proposal 3: The minimum scheduling offset restriction is not applied when default PDSCH time domain resource allocation is used.

There is a case where a UE monitors C/MCS-C/CS-RNTI with SI/P/RA-RNTI simultaneously described. In this case, since a UE does not know whether the DCI format is for C/MCS-C/CS-RNTI or SI/RA/P-RNTI before finishing decoding, it is not possible for the UE to apply PDCCH processing time relaxation only for C/MCS-C/CS-RNTI. Therefore, the minimum applicable scheduling offset should not be applied for above case.

Proposal 4: The adaptation on the minimum applicable value does not apply to C/MCS-C/CS-RNTI when the UE monitors PDCCH candidates corresponding to C-RNTI, MCS-C-RNTI, or CS-RNTI in the one or more search space sets in a slot where the UE monitors PDCCH candidates for at least a DCI format 0_0 or a DCI format 1_0 with CRC scrambled by SI-RNTI, RA-RNTI or P-RNTI.

Proposed TP for TS 38.214 [2]
	5.1.2.1	Resource allocation in time domain
================================ Unchanged part is omitted =================================
When the UE configured with minimumSchedulingOffsetK0 in an active DL BWP it applies a minimum scheduling offset restriction indicated by the ‘Minimum applicable scheduling offset indicator’ field in DCI format 0_1 or 1_1. When the UE is configured with minimumSchedulingOffsetK0 in an active DL BWP and it has not received ‘Minimum applicable scheduling offset indicator’ field in DCI format 0_1 or 1_1, the UE shall apply a minimum scheduling offset restriction indicated based on ‘Minimum applicable scheduling offset indicator’ value ‘0’. When the minimum scheduling offset restriction is applied the UE is not expected to be scheduled with a DCI in slot n to receive a PDSCH scheduled with C-RNTI, CS-RNTI or MCS-C-RNTI with K0 smaller than, where K0min and  are the applied minimum scheduling offset restriction and the numerology of the active DL BWP of the scheduled cell when receiving the DCI in slot n, respectively, and  is the numerology of the new active DL BWP in case of active DL BWP change in the scheduled cell and is equal to , otherwise. The minimum scheduling offset restriction is not applied when PDSCH transmission is scheduled with C-RNTI, CS-RNTI or MCS-C-RNTI in common search space associated with CORESET0 and default PDSCH time domain resource allocation is used, in the search space set provided by recoverySearchSpaceId when monitoring PDCCH as described in [6, TS 38.213] or when PDSCH transmission is scheduled with SI-RNTI, MsgB-RNTI or RA-RNTI or when the UE monitors PDCCH candidates for the C-RNTI, CS-RNTI, or MCS-C-RNTI in the one or more search space sets where the UE monitors PDCCH candidates for at least a DCI format 0_0 or a DCI format 1_0 with CRC scrambled by SI-RNTI, RA-RNTI or P-RNTI [6, TS 38.213]. The application delay of the change of the minimum scheduling offset restriction is determined in Section 5.3.1.


Conclusion
This contribution considered remaining issues for cross-slot scheduling based power saving techniques. Following proposals were made:
Proposal 1: If UE receives a DCI format scheduling PDSCH/PUSCH to a target BWP and all TDRA entries of the target BWP are invalid after applying K0min/K2min, the UE assumes that scheduling offset of the PDSCH/PUSCH is equal to current K0min/K2min value.
Proposal 2: Alt 1 is supported for the issue below:
· 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
Proposal 3: The minimum scheduling offset restriction if default PDSCH time domain resource allocation is used.
Proposal 4: The adaptation on the minimum applicable value does not apply to C/MCS-C/CS-RNTI when the UE monitors PDCCH candidates corresponding to C-RNTI, MCS-C-RNTI, or CS-RNTI in the one or more search space sets in a slot where the UE monitors PDCCH candidates for at least a DCI format 0_0 or a DCI format 1_0 with CRC scrambled by SI-RNTI, RA-RNTI or P-RNTI.
The corresponding TPs were provided in Section 2.
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