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Introduction
This document considers the following remaining issues related to cross-slot scheduling for UE power saving that were not resolved in RAN1#100e.     These issues were considered in email discussion [100e-NR-UE_pow_sav-Cross_Slot-02] in RAN1#100e.
· Whether and how to apply the currently active minimum scheduling offset restriction in the case of cross-BWP scheduling
· Whether and how to decide the applied minimum scheduling offset restriction for the slots after BWP switch and before the application delay is ended

Background: feature lead proposal for discussion in RAN1#100bis
The following proposals were made [1] by the feature lead in RAN1#100e related to factors to be considered for the scheduling offset in cross-BWP scheduling:
	Proposal: For indicating the scheduling offset in cross-BWP scheduling, the scheduling offset should be no smaller than the following factor(s):
A. BWP switch delay
· [LS to RAN4 if revising BWP switch delay for cross-slot scheduling case is needed]
[B. The indicated minimum scheduling offset in the target BWP]
· This relates to email discussion [100e-NR-UE_pow_sav-Cross_Slot-01]
[C. Active minimum scheduling offset in the active DL BWP before the BWP switch (assuming numerology conversion for the target BWP if needed)]
[D. An application delay
· Please specify the calculation if including D]
[E. Others
· Please specify if including E]



The feature lead for the cross-slot scheduling for UE power saving topics provided the following summary of issues [1] that should be discussed at RAN1#100bis in order to resolve remaining issues in the cross-slot scheduling feature for UE power saving:

	This email thread is to clarify cross-BWP scheduling, but there are somehow two related issues mixed. The general demand for cross-BWP scheduling is whether UE can have a proper time gap for changing the applied minimum scheduling offset restriction. There are two possibilities related to issue #1 and issue #2:
· Issue #1: Whether and how to apply the currently active minimum scheduling offset restriction in the case of cross-BWP scheduling 
· Some companies think the above proposal can ensure the time gap between PDCCH and PDSCH/PUSCH (K0min/K2min) for cross-BWP case, but some companies think the following agreement in RAN1 #97 only applies to an active BWP, not covering the cross-BWP case. For the time gap, there are still BWP switch delay and the application delay to accommodate UE adaptation. 
	Agreements (RAN1 #97):
When UE is indicated of the minimum applicable value of K0 (K2) for an active DL (UL) BWP, the application method to the selection of a DL (UL) TDRA entry is to be decided from:
● An entry in the active DL (UL) TDRA table with K0 (K2) value smaller than the indicated minimum is not expected by or not valid for the UE for the TDRA indication(s)


· Since there is no interpretation ambiguity for same-BWP case, whether to agree the proposal can base on whether BWP switch delay and the application delay are sufficient to accommodate UE adaptation. Note that type-1 BWP switch delay for 120kHz SCS is only 6 slots while K0min/K2min can be set to 16 slots (considering some cross-carrier scheduling case). Also the application delay is determined by K0min, and there may be concern for active UE BWP change where K2min of source BWP is larger than K0min. On the other hand, type-2 BWP delay for 120k Hz SCS is 18 slots, which is able to accommodate all possible K0min/K2min setting.
· Note: Some companies raised the concern in reduced power saving gain if current active minimum scheduling offset restriction cannot be fulfilled in the case of cross-BWP scheduling. UE cannot know currently scheduling DCI is same-BWP scheduling or cross-BWP scheduling before finish the decoding. Therefore, UE processing timeline can only follow the worst case which will be cross-BWP scheduling case when UE reported BWP switch delay is smaller than currently active minimum scheduling offset restriction.
· There are two possible ways forward: 
· 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).

· 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. 
· While there is debate in whether the applied K0min/K2min can cover cross-BWP case, there is common understanding change of the applied minimum scheduling offset restriction should be subject to an application delay X (as quoted below). 
	Agreements (RAN1 #98b):
● With application delay, X, for adaptation to the indicated minimum applicable K0/K2 value(s) for a scheduled cell triggered by the 1-bit indication of a DCI format 1-1 or 0-1 with in the scheduling cell,
               o UE receives DCI of the change indication in slot n of the scheduling cell
               o UE can be scheduled with the indicated minimum applicable K0/K2 value(s) for PDSCH/PUSCH on the scheduled cell in a DCI in slot (n + X) of the scheduling cell


· By treating the scheduling DCI triggering active BWP change as a change indication (due to referring the configuration of a different BWP), the application delay can provide a time gap for UE to change the applied restriction, which also resolves the case with small BWP switch delay. But, for the slots after BWP switch and before the application delay is ended, there are several possibilities for the applied minimum scheduling offset restriction: 
· 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.




Issue#1: Whether and how to apply the currently active minimum scheduling offset restriction in the case of cross-BWP scheduling
The following alternatives related to issue#1 have been proposed (see above):
· 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).
Out of the alternatives relating to this issue, our preference is Alt 1.
The point of applying K0min / K2min values is to allow the UE to enter microsleep following the OFDM symbols in which the scheduling DCI is received and to reduce processing requirements on PUSCH encoding. 
In the case that the system is configured with more than one BWP and those BWP parts are associated with different values of K0min / K2min, the UE has to be prepared to be scheduled in a different BWP from the currently active BWP. It is desirable that this does not affect the ability of the UE to save power through cross-slot scheduling power saving techniques in the currently active BWP. 
The issue of concern is that the UE could be scheduled to perform a BWP switch to a BWP with a more stringent value of K0min / K2min than that applied in the active BWP. If this were the case, the UE would have to always decode the PDCCH for scheduling DCI assuming the most aggressive value of K0min / K2min across any of the BWPs, limiting the usefulness of the Rel-16 cross-slot scheduling feature.
Our preferred solution to this problem is that the K0min / K2min from the active BWP, in terms of actual time, is applied into the new BWP. This solution is option ‘C’ in the proposals above:
C.  The scheduling offset should be no smaller than the active minimum scheduling offset in the active DL BWP before the BWP switch (assuming numerology conversion for the target BWP if needed)
The scheduling offset should also, clearly, be larger than the BWP switch delay. Hence the scheduling offset needs to be larger than both (A) the BWP switch delay and (C) the active minimum scheduling offset in the active DL BWP before the BWP switch.
Observation 1: A TP is needed to clarify how K0min/K2min of source BWP is applied to target BWP of cross-BWP scheduling.
Proposal 1: For indicating the scheduling offset in cross-BWP scheduling, the scheduling offset should be no smaller than max (A,C), where A and C are:
A. BWP switch delay
C. Active minimum scheduling offset in the active DL BWP before the BWP switch 

The following text proposal captures the above proposal (there does not need to be explicit mention of the BWP switch delay in the text proposal since the restriction of not scheduling within the BWP switch delay is captured in other sections of 3GPP specifications). 
Section 5.1.2.1 of 38.214
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, where in the case of cross-BWP scheduling the absolute timing of this restriction is referenced to the absolute slot duration of the source BWP. 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.

Section 6.1.2.1 of 38.214
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, where in the case of cross-BWP scheduling the absolute timing of this restriction is referenced to the absolute slot duration of the source BWP. 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.

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
The following alternatives are proposed related to issue#2:
For the slots after BWP switch and before the application delay is ended, there are several possibilities for the applied minimum scheduling offset restriction: 
· 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
· 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.

Out of the alternatives relating to this issue, our preference is Alt 1.
We note that when the minimum scheduling offset, K0min, is less than the BWP switching delay, there is no ambiguity in terms of the minimum scheduling offset to apply. This is the case shown in Figure 1.
[image: ]
[bookmark: _Ref36760256]Figure 1 – no ambiguity in minimum scheduling offset to apply when K0min is less than the BWP switch delay
The ambiguity of the minimum scheduling offset to apply occurs when the minimum scheduling offset is larger than the BWP switch delay, as shown in Figure 2.
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[bookmark: _Ref36760260]Figure 2 – ambiguity in minimum scheduling offset to apply when K0min is greater than the BWP switching delay
We do not support that this issue should be resolved solely by UE implementation (Alt 4). Even though the network could avoid this corner case, assuming it is indeed a corner base, the UE would have no guarantee that the network would actually avoid this corner case. Implementation effort and testing would then have to be applied to ensure UE implementation compliance just in case the network did not avoid this corner case. 
RAN1 already has the principle (based on the RAN1#98bis agreement on application delay [2]) that a new K0min / K2min value does not take effect until the application delay has expired, where the application delay is based on the K0min value prior to the change of K0min / K2min value. We think that this principle should also apply to the case when there is a BWP switch. Hence, we think that the K0min value from the source BWP should apply throughout the process of the BWP switch and into the target BWP. This would entail the system applying the K0min / K2min values from the source BWP until the end of the application delay: this position is in line with Alt 1.
Proposal 2: For the slots after BWP switch and before the application delay is ended, the applied minimum scheduling offset restriction should be: Alt 1: Scaled K0min/K2min from source BWP.

Editorial correction to section 5.3.1 of TS38.214 v16.1.0
In TS38.214 v16.1.0, the subscripting of the “K0min” and “K2min” parameters is not correct in one place. We think that the following text proposal can be adopted by the spec editor without further email discussion:
--------------------- start of text proposal ------------------------------------ 
[bookmark: _Toc29673195][bookmark: _Toc29673336][bookmark: _Toc29674329][bookmark: _Toc36645559]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. 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 K0min or K2min K2min for the same active BWP before slot n+X of the scheduling cell.
Proposal 3: [editorial] Apply consistent subscripting of K0min / K2min in section 5.3.1 of TS38.214.

Conclusion
This document has considered issues related to cross-slot scheduling for UE power saving.
The following observations and proposals are made:
For Issue #1:
Observation 1: A TP is needed to clarify how K0min/K2min of source BWP is applied to target BWP of cross-BWP scheduling.
Proposal 1: For indicating the scheduling offset in cross-BWP scheduling, the scheduling offset should be no smaller than max (A,C), where A and C are:
A. BWP switch delay
C. Active minimum scheduling offset in the active DL BWP before the BWP switch 

For Issue # 2:
Proposal 2: For the slots after BWP switch and before the application delay is ended, the applied minimum scheduling offset restriction should be: Alt 1: Scaled K0min/K2min from source BWP.
For editorial corrections to TS38.214:
Proposal 3: [editorial] Apply consistent subscripting of K0min / K2min in section 5.3.1 of TS38.214.
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