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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: OLE_LINK13]In RAN1#100-e, several issues on cross-slot scheduling based power saving were discussed and some conclusions were achieved [1]. However, there is no consensus for the following issues: 
	· Issue #1: Whether and how to apply the currently active minimum scheduling offset restriction in the case of cross-BWP scheduling 
· Issue #2: Whether and how to decide the applied minimum scheduling offset restriction for the slots after BWP switch and before the application delay is ended. 


In this contribution, the above issues are further discussed. Some other remaining issues on cross-slot scheduling based power saving are also discussed.
[bookmark: _Ref129681832]Remaining issues on cross-slot scheduling based power saving 
[bookmark: _Ref36710939][bookmark: OLE_LINK9]Issue#1 on whether and how to apply the currently active minimum scheduling offset restriction in the case of cross-BWP scheduling
[bookmark: OLE_LINK60]In the last meeting, intensive discussions were made regarding whether the minimum scheduling offset restriction in source BWP is applied to all BWPs or not. Based on the discussion, three alternatives are proposed as potential way forwards [1]:
	Issue #1: Whether and how to apply the currently active minimum scheduling offset restriction in the case of cross-BWP scheduling
· Alt 1: Agree; TP is needed to clarify how K0min/K2min of source BWP is applied to target BWP of cross-BWP scheduling
· Alt 2: Disagree; TP to clarify the applied K0min/K2min only for an active BWP, not covering cross-BWP case
· Alt 3: Disagree; but agree that there should be additional factor(s) for cross-BWP scheduling restriction (in addition to Rel-15 BWP switch delay). Further discuss the factor(s) (e.g. based on the currently active application delay, etc).



One of the benefit on the minimum scheduling offset restriction is to ensure the gap between PDCCH and scheduled PDSCH/PUSCH to relax the PDCCH processing timeline for UE power saving. Before finishing the DCI decoding, it is unknown for the UE on which BWP the PDSCH/PUSCH would be scheduled by a scheduling DCI. The UE need to process PDCCH assuming a certain minimum scheduling offset restriction. For same-BWP scheduling, the UE relaxes the PDCCH processing timeline according to the currently active minimum scheduling offset in the active BWP. Regarding the cross-BWP scheduling, a straightforward way is using the same minimum scheduling offset restriction as that for the same-BWP scheduling case to keep the same PDCCH processing speed for power saving. 
Otherwise, the configured minimum scheduling offset restriction in the inactive BWP may impact the PDCCH processing speed on the active BWP even when the BWP change is not indicated. The UE need to consider all the configured minimum K0 values on all of the configured BWPs to determine the PDCCH processing speed. If any one of the configured BWPs is not configured with minimum scheduling offset, UE may not be able to relax the PDCCH processing considering the BWP change would be triggered by any detected DCI. In this case, the power saving gain of relaxing PDCCH processing cannot be achieved. 
It may be argued that the BWP switching delay can ensure the gap between PDCCH and the scheduled PDSCH/PUSCH. However, with such a BWP switching delay requirement, the UE is assumed to detect PDCCH with a normal processing speed to handle the worst case.
On the other hand, the minimum scheduling offset indicated by the DCI should take effect after a time gap (which is at least 1 slot), which means that it cannot restrict the K0/K2 of the PDSCH/PUSCH scheduled by the same DCI indicating the new minimum scheduling offset restriction. Before the indicated minimum scheduling offset takes effect, the currently active minimum scheduling offset in the source BWP is applied to restrict the K0/K2 scheduled by the DCI triggering BWP switching.
[bookmark: OLE_LINK20]Additionally, the scheduling offset indicated by DCI triggering BWP switching is also restricted by BWP switching delay, which is described as “A UE does not expect to detect a DCI format 1_1 or a DCI format 0_1 indicating respectively an active DL BWP or an active UL BWP change with the corresponding time domain resource assignment field providing a slot offset value for a PDSCH reception or PUSCH transmission that is smaller than a delay required by the UE for an active DL BWP change or UL BWP change [10, TS 38.133]” [3]. Hence, it can be derived that when a scheduling DCI triggers BWP switching, the scheduling offset is restricted by the maximum value between the currently active minimum scheduling offset in the source BWP and the BWP switching delay. If the SCS of BWPs is changed, the restriction can be converted to the slots of SCS of the target BWP. 
Based on the discussion, it is preferred that the scheduling offset indicated by DCI triggering BWP switching should be restricted by the currently active K0min or K2min in the source BWP. However, considering the big divergence on the views from companies, the following proposal provided by the feature lead during the email discussion in the last meeting can be a good compromise to move forward [4]. As the application delay is determined by the currently applied K0min of the active DL BWP and the value of Zµ, in our view the proposal is also reasonable as a compromised solution.
Proposal 1: Agree the following proposals provided by the feature lead in the last meeting, and adopt the text proposal 1 in TS 38.214.
	Proposed agreement: 
For indicating the scheduling offset in cross-BWP scheduling, the scheduling offset should be no smaller than both BWP switch delay and the application delay of changing the minimum scheduling offset restriction via the scheduling DCI.
· Note: Numerology conversion is applied to the application delay for the comparison with the scheduling offset if the application delay corresponds to a BWP of different numerology



------------------------------------------ Start of Text Proposal 1---------------------------------------------
< Unchanged parts are omitted >
5.1.2	Resource allocation
5.1.2.1	Resource allocation in time domain
< Unchanged parts are 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. 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 or when PDSCH transmission is scheduled with SI-RNTI or RA-RNTI. The application delay of the change of the minimum scheduling offset restriction is determined in Clause 5.3.1.
A UE does not expect to detect a DCI format 1_1 indicating respectively an active DL BWP change with the corresponding time domain resource assignment field providing a slot offset value for a PDSCH reception that is smaller than an application delay of the change of the minimum scheduling offset restriction if a minimum scheduling offset restriction indicated by the DCI format 1_1.
< Unchanged parts are omitted >
6.1.2	Resource allocation 
6.1.2.1	Resource allocation in time domain
< Unchanged parts are 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. The minimum scheduling restriction is not applied when PUSCH transmission is scheduled by RAR UL grant for RACH procedure, or when PUSCH is scheduled with TC-RNTI. The application delay of the change of the minimum scheduling offset restriction is determined in Clause 5.3.1.
A UE does not expect to detect a DCI format 0_1 indicating respectively an active UL BWP change with the corresponding time domain resource assignment field providing a slot offset value for a PUSCH reception that is smaller than an application delay of the change of the minimum scheduling offset restriction if a minimum scheduling offset restriction indicated by the DCI format 0_1.
-------------------------------------------- End of Text Proposal 1--------------------------------------------



[bookmark: OLE_LINK10]Issue#2 on whether and how to apply the currently active minimum scheduling offset restriction in the case of cross-carrier scheduling
In Section 5.1.2.1 of TS38.214 [2], the minimum scheduling offset is specified as following.
	…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. …


However, in case of cross-carrier scheduling, it is not clear yet how to apply the minimum scheduling offset. In fact, the issue in case of cross-carrier scheduling is similar as that in case of cross-BWP scheduling, which is discussed in Section 2.1. The similar design principle could be applied at both cases. Therefore, it is proposed to further discuss the case of cross-carrier scheduling. As the same analysis in Section 2.1, in case of cross-carrier scheduling, the scheduling offset indicated by DCI is preferred to be restricted by the currently active minimum scheduling offset of the active BWP in scheduling cell. If the SCS of the active BWP in scheduling cell and scheduled cell is different, the currently active minimum scheduling offset can be converted to the slots of SCS of the active BWP in scheduled cell. 
Proposal 2: In case of cross-carrier scheduling, the scheduling offset K0 or K2 indicated by the scheduling DCI should be restricted by the currently active K0min or K2min of the active BWP in the scheduling cell.

[bookmark: OLE_LINK11]Issue#3 on whether and how to decide the applied minimum scheduling offset restriction for the slots after BWP switch and before the application delay is ended
[bookmark: OLE_LINK12]In the last meeting, another issue was discussed and the possible alternatives were provided as following [1]. 
	· Issue #2: Whether and how to decide the applied minimum scheduling offset restriction for the slots after BWP switch and before the application delay is ended. 
· Alt 1: Scaled K0min/K2min from source BWP: There may reuse the TP for issue #1 if the proposal is agreed
· Alt 2: The indicated K0min/K2min in target BWP: This is effectively to say only BWP switch delay is considered even when the application delay is longer. TP may be needed to clarify it.
· Alt 3: The lowest-indexed RRC configuration of target BWP (some company think it belongs to the following agreement): TP needed for specifying the UE behavior
	Agreements (RAN1 #98b):
For an activated BWP without the 1-bit indication received in DCI for adapting the minimum applicable value of K0 (K2) for the BWP when there are one or two RRC configured values for the BWP, e.g., due to BWP switching triggered by BWP timer expiration, etc., the value applied for the BWP before the 1-bit indication is received within the BWP is determined by
● Option 2: The configured value if one value is RRC configured; The lowest-indexed RRC configured value if two values are RRC configured


· Alt 4: UE implementation (some companies think it is corner case that network can avoid): A conclusion can be decided independent from issue #1 and no TP needed.


It is clear that in case of same-BWP scheduling the indicated minimum scheduling offset is applied according to the application delay as described in in Section 5.3.1 in TS38.214 [2]:
	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 


[bookmark: OLE_LINK14][bookmark: OLE_LINK3][bookmark: OLE_LINK15]If the application delay for the same-BWP case is simply reused to cross-BWP scheduling case, for the case of UL BWP switching, both the BWP switching delay and the currently active K2min could be smaller than the application delay, In this case, there is some time duration in which the indicated UL BWP is activated but the new K2min indicated by the DCI indicating the UL BWP switching has not taken effect. It is not clear on whether and how the scheduling offset restriction is applied after the target UL BWP is activated and before the application delay X is ended. 
To resolve the issue, a straightforward solution is to use the BWP switching delay as the application delay of the minimum scheduling offset in case of the DCI triggering BWP switching. Therefore, the alternative 2 is preferred. 
[bookmark: OLE_LINK23]Furthermore, the proposal 2 is proposed as a compromise. In light of the proposal 1, the scheduled PDSCH/PUSCH on the indicated BWP shall not be earlier than the time location determined by the maximum of the application delay and the BWP switching delay. According to TS 38.213, there is no transmission and reception expected before the scheduled PDSCH and PUSCH when the scheduling DCI also indicates a BWP change. In this sense, there is no need to specify the applied scheduling offset restriction during the time after the BWP is switched and prior to the application delay is ended. Therefore, the Alt.4 seems also acceptable in light of Proposal 1 is adopted.
Proposal 3: Adopt the Alt.4 to leave the issue as UE implementation.
[bookmark: OLE_LINK16]Issue#4 on the subscript issue of the application delay
In Section 5.3.1 of TS38.214 [2], the application delay of the indicated minimum scheduling offset is specified as following.
	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 


[bookmark: OLE_LINK17]In the formula of X, the subscripts of µ in this section are ‘PDCCH’ and ‘PDSCH’. µPDCCH and µPDSCH correspond to the sub-carrier spacing for PDCCH and PDSCH respectively. However, the applied K0min and K2min can be jointly triggered by DCI format 0_1 which is used to deliver UL grant. When DCI format 0_1 is used to jointly indicate K0min and K2min, there is no PDSCH scheduled at all. Therefore, the subscript of µPDSCH should be changed to ‘active DL BWP’. 
Based on the analysis, the following text proposal is provided, in which some small editing change is also made.
Proposal 4: Adopt Text Proposal 2 to change the subscript of µPDSCH and modify the related description accordingly.
------------------------------------------ Start of Text Proposal 2---------------------------------------------
< Unchanged parts are omitted >
5.3.1	Application delay of the minimum scheduling offset restriction
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 carried by DCI in slot n, shall be applied in slot n+X of the scheduling cell. 
[bookmark: OLE_LINK1]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 is the sub-carrier spacing configurations for PDCCH and PDSCH, respectively µactive DL BWP is the sub-carrier spacing configuration for the active DL BWP in the scheduled cell.
< Unchanged parts are omitted >
-------------------------------------------- End of Text Proposal 2--------------------------------------------

[bookmark: OLE_LINK18]Issues#5 on exceptional cases of applying minimum scheduling offset
PUSCH can be scheduled by a DCI format with CRC scrambled by C-RNTI, MCS-C-RNTI, TC-RNTI, CS-RNTI, SP-CSI-RNTI and scheduled by MAC RAR. According to the previous meeting [5], it is agreed that the minimum scheduling offset K2min is not applicable on the following cases.
	Agreements:(RAN1#97)
At least for the L1-based adaptation on the minimum applicable value of K2, it does not apply to PUSCH scheduled by MAC RAR for at least contention-based RACH procedure.
· FFS: Exclude contention-free RACH 
· FFS: Exclude PUSCH scheduled with TC-RNTI
Agreements:(RAN1#97)
At least for the L1-based adaptation on the minimum applicable value of K2, it does not apply to:
· PUSCH scheduled by RAR UL grants for contention-free RACH procedure
· PUSCH scheduled with TC-RNTI



[bookmark: OLE_LINK19]In Section 6.1.2.1 of TS38.214 [2], as following, it is specified on which case the minimum scheduling offset K2min is applicable and not applicable. However, it seems it is not captured whether or not the minimum scheduling offset K2min is applied to DCI with CRC scrambled by SP-CSI-RNTI in the specification.
	… 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. The minimum scheduling restriction is not applied when PUSCH transmission is scheduled by RAR UL grant for RACH procedure, or when PUSCH is scheduled with TC-RNTI. The application delay of the change of the minimum scheduling offset restriction is determined in Section 5.3.1.


It is proposed to clarify K2min is applicable on DCI with CRC scrambled by SP-CSI-RNTI and the following text proposal 3 is provided.
------------------------------------------ Start of Text Proposal 3---------------------------------------------
< Unchanged parts are omitted >
6.1.2.1	Resource allocation in time domain
< Unchanged parts are 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 or SP-CSI-RNTI with K2 smaller than the applicable minimum scheduling offset restriction K2min in slot n. The minimum scheduling restriction is not applied when PUSCH transmission is scheduled by RAR UL grant for RACH procedure, or when PUSCH is scheduled with TC-RNTI. The application delay of the change of the minimum scheduling offset restriction is determined in Section 5.3.1.
< Unchanged parts are omitted >
-------------------------------------------- End of Text Proposal 3--------------------------------------------
Proposal 5: Adopt Text Proposal 3 to capture that the minimum scheduling offset K2min is applicable on DCI with CRC scrambled by SP-CSI-RNTI.
Conclusion
The contribution discusses the remaining issues on cross-slot scheduling based power saving. Based on the discussions, we have the following proposals:
Proposal 1: Agree the following proposals provided by the feature lead in the last meeting, and adopt the text proposal 1 in TS 38.214.
[bookmark: _GoBack]Proposal 2: In case of cross-carrier scheduling, the scheduling offset K0 or K2 indicated by the scheduling DCI should be restricted by the currently active K0min or K2min of the active BWP in the scheduling cell.
Proposal 3: Adopt the Alt.4 to leave the issue as UE implementation.
Proposal 4: Adopt Text Proposal 2 to change the subscript of µPDSCH and modify the related description accordingly.
Proposal 5: Adopt Text Proposal 3 to capture that the minimum scheduling offset K2min is applicable on DCI with CRC scrambled by SP-CSI-RNTI.
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