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Introduction
In RAN1#100e [1], the following were agreed:
Conclusion:
· If a DCI format 1_1 (or 0_1) indicates a target DL (or UL) BWP different from the active DL (or UL) BWP, the minimum applicable scheduling offset indicator field (if present in the DCI format) indicates the minimum scheduling offset restriction to be applied in the target BWP.
· Note: No specification change needed

Agreements:
· UE does not expect to receive another change in the ‘Minimum applicable scheduling offset indicator’ field of DCI format 0_1 or 1_1  for the same active BWP before the slot for which a previous change of applied minimum scheduling offset restriction is expected to take effect

This contribution considers remaining issues on cross-slot scheduling based power saving techniques.
Remaining issues of cross-slot scheduling based power saving techniques
Clarification regarding BWP switch
Issue #1) Whether and how to apply the currently active minimum scheduling offset restriction in the case of cross-BWP scheduling
Once Kmin is indicated, the value applies to the DL/UL TDRA table for scheduling restriction with K0/K2 value smaller than Kmin. The UE should apply the indicated Kmin value to the TDRA tables of not only the current active BWP but also inactive configured BWP(s). Otherwise, the UE cannot operate in power saving mode properly since the UE cannot be aware of whether cross-BWP scheduling happens or not before finish DCI decoding.

Proposal 1: The minimum applicable value, Kmin, is applied to both source BWP and target BWP. 

 If the indicated Kmin value is larger than all of K0/K2 values in the configured TDRA tables, then there can be no valid entry. This should not be allowed at least for active BWP but can be allowed for inactive BWPs. If all entries of TDRA table are invalid for an inactive BWP, the UE does not expect to be switched to the inactive BWP.

Proposal 2: For an inactive BWP, if there is no valid entry after applying the Kmin value, the UE does not expect to receive a BWP indicator to switch the inactive BWP.

Proposed TP for TS 38.214
	[bookmark: _Toc27299872][bookmark: _Toc29673137][bookmark: _Toc29673278][bookmark: _Toc29674271]5.1.2.1	Resource allocation in time domain
================================= omitted unchanged parts =================================
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 for all configured DL BWP. For an inactive DL BWP, if there is no valid entries in TDRA table after applying the minimum scheduling offset, the UE does not expect to receive a BWP indicator to change to the inactive DL BWP.
================================= omitted unchanged parts =================================
[bookmark: _Toc27299931][bookmark: _Toc29673204][bookmark: _Toc29673345][bookmark: _Toc29674338]6.1.2.1	Resource allocation in time domain
================================= omitted unchanged parts =================================
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 for all configured UL BWP. For an inactive UL BWP, if there is no valid entries in TDRA table after applying the minimum scheduling offset, the UE does not expect to receive a BWP indicator to change to the inactive UL BWP.



Cross-BWP scheduling
To ensure that BWP switching delay (Tbwp), a UE does not expect to detect a DCI format 1_1/0_1 indicating BWP change with the corresponding TDRA field providing a slot offset value for a PDSCH/PUSCH that is smaller than a delay required by the UE for an active BWP change. If the UE relaxes PDCCH processing time for DCI format 1_1/0_1, the UE can be aware of BWP switching at the very late time. For example, in normal case (i.e., w/o PDCCH processing time relaxation), if Kmin=2 and Tbwp = 1, the UE can receive DCI format scheduling PDSCH with K0=2 in new BWP. On the other hand, in power saving mode (i.e., w/ PDCCH processing time relaxation), if the UE relaxes PDCCH processing time until 2 slots, then the UE cannot receives the PDSCH with K0=2 in the new BWP since Tbwp = 1 slot is required but not ensured. Therefore, if the UE relaxes PDCCH processing time up to X slots, this additional delay should be taken into account for cross-BWP scheduling. For example, the UE can only expect to be scheduled with data with slot offsets larger than X + Tbwp. 

Proposal 3: A UE does not expect to detect a DCI format 1_1/0_1 indicating BWP change with the corresponding TDRA field providing a slot offset value for a PDSCH/PUSCH that is smaller than X + Tbwp where X is an application delay for cross-slot scheduling and Tbwp is a delay required by the UE for an active BWP change.
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	12    Bandwidth part operation
================================= omitted unchanged parts =================================
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]. 
When the UE is configured with [minimumSchedulingOffset] in active DL BWP or UL BWP and indicated a minimum scheduling offset restriction by the [‘Minimum applicable scheduling offset indicator’] field in DCI format 1_1 or 0_1, 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 Y = X + Tbwp where X is application delay described in [6, TS 38.214] and Tbwp is a delay required by the UE for an active DL BWP change or UL BWP change [10, TS 38.133]. 



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.
	This issue can be resolved together with issue #1. If we consider proposal 3 that always ensures scheduling offset for cross-BWP scheduling larger than both Tbwp and X, the issue #2 never happens.

UE fallback operation
If UE misses a DCI indicating a new Kmin value, the understanding on Kmin value between gNB and UE can be different. For this case, the UE can receive a DCI indicating invalid entry in the TDRA table. At this time, the UE can be aware of something is wrong. As long as the Kmin value is indicated by the scheduling DCI, the impact due to miss detection is not that critical since the new Kmin can be indicated by the second DCIs in the future although the UE misses the first DCI in the past indicating new Kmin value. However, this self-restoring is not possible when the second DCI does not include Kmin indication field such as DCI format 0_0 or DCI format 1_0. To resolve the problem, it is preferred to have a 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 4: UE falls back to lowest applicable value for Kmin when the UE detects an invalid entry in TDRA table by DCI format 0_0 or 1_0. 

Proposed TP for TS 38.214
	5.1.2.1	Resource allocation in time domain
================================= omitted unchanged parts =================================
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’.
================================= omitted unchanged parts =================================
6.1.2.1	Resource allocation in time domain
================================= omitted unchanged parts =================================
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
An indicated minimum scheduling offset is applied to the BWP for PDSCH reception or PUSCH transmission rather than the BWP for PDCCH carrying the indication. The numerology conversion is needed for determining application delay for cross-carrier scheduling case. It’s beneficial to confirm the following working assumption  from  RAN1#99 meeting, as below. 
Agreements:
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.  

The numerology conversion was agreed for determining Y, such that Y = ceiling(minK0,scheduled*2^scheudling/2^scheudled), wherein scheudling and scheudled are the SCS indices for the scheduling cell and the scheduled cell, respectively.  However, the numerology conversion captured in latest CR to 38.214 is not clear. The SCS configuration should be specified for active DL BWP per serving cell according to NR framework. 
In CA mode with cross-carrier scheduling, PDCCH processing relaxation is done on the carrier where the scheduling DCI format is transmitted. However, the application delay related to the PDCCH processing relaxation time should be determined by current applicable value of Kmin on the carrier where PDSCH/PUSCH is transmitted. 
For same carrier scheduling, Y is the current applicable value of Kmin for the active BWP with PDCCH monitoring. For a UE configured with cross-carrier scheduling, the application delay for a new Kmin received on a scheduling cell is determined by the applicable value of Kmin among all scheduled Cells with SCS normalization, such that Y = min{ }, where  is the current applicable value of Kmin for the active BWP on a scheduled cell with carrier indicator of i;  and  are the subcarrier spacing configurations for the active BWP on scheduled cell i and scheduling cell, respectively. 

Proposal 5: For cross-carrier scheduling, the application delay is defined as X = max(Y, Z), and Y is the minimum applicable value of K0 among all scheduled cells, such that Y = min{ } where
·  is the current applicable value of Kmin for the active BWP on a scheduled cell with carrier indicator of i
·  and  are the subcarrier spacing configurations for the active BWP on scheduled cell i and scheduling cell, respectively.
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	5.3.1	Application delay of the minimum scheduling offset restriction
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,i is the currently applied K0min value of the active DL BWP in the scheduled cell with carrier indicator field value i, 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 active DL BWP of scheduling cell PDCCH and active DL BWP of scheduled cell PDSCH, respectively



Additional exceptional case
According to [4], there is a case where a UE monitors C/MCS-C/CS-RNTI with SI/P/RA-RNTI simultaneously described as below:
	If a UE is provided 
-	one or more search space sets by corresponding one or more of searchSpaceZero, searchSpaceSIB1, searchSpaceOtherSystemInformation, pagingSearchSpace, ra-SearchSpace, and 
-	a C-RNTI, an MCS-C-RNTI, or a CS-RNTI, 
the UE monitors PDCCH candidates for DCI format 0_0 and DCI format 1_0 with CRC scrambled by the C-RNTI, the MCS-C-RNTI, or the 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.


In above 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 6: 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.
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	5.1.2.1	Resource allocation in time domain
================================= omitted unchanged parts =================================
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 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] 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 Section 5.3.1.


Conclusion
This contribution considered remaining issues for cross-slot scheduling based power saving techniques. Following proposals were made:
Proposal 1: The minimum applicable value, Kmin, is applied to both source BWP and target BWP.
Proposal 2: For an inactive BWP, if there is no valid entry after applying the Kmin value, the UE does not expect to receive a BWP indicator to switch the inactive BWP.
Proposal 3: A UE does not expect to detect a DCI format 1_1/0_1 indicating BWP change with the corresponding TDRA field providing a slot offset value for a PDSCH/PUSCH that is smaller than X + Tbwp where X is an application delay for cross-slot scheduling and Tbwp is a delay required by the UE for an active BWP change.
Proposal 4: UE falls back to lowest applicable value for Kmin when the UE detects an invalid entry in TDRA table by DCI format 0_0 or 1_0. 
Proposal 5: For cross-carrier scheduling, the application delay is defined as X = max(Y, Z), and Y is the minimum applicable value of K0 among all scheduled cells, such that Y = min{ } where
·  is the current applicable value of Kmin for the active BWP on a scheduled cell with carrier indicator of i
·  and  are the subcarrier spacing configurations for the active BWP on scheduled cell i and scheduling cell, respectively.
Proposal 6: 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.
References
[1] RAN1 Chairman’s Note, 3GPP TSG RAN WG1 Meeting #99
[2] 3GPP TS 38.214 v16.1.0 (2020-03), “Physical layer procedures for data (Release 16)”
[3] 3GPP TS 38.213 v16.1.0 (2020-03), “Physical layer procedures for control (Release 16)”
[4] 3GPP TS 38.213 v15.7.0 (2019-9), “Physical layer procedures for control (Release 15)”
Page 1
