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Introduction
RAN1 has completed Rel-16 UE power saving work item and the agreements from RAN1 #96bis through #99 have been captured in the corresponding Rel-16 technical specification documents. There are nevertheless some issues that either have not been fully covered or need further discussion [1][2].
In this contribution, several important remaining issues in our view will be discussed, and TP will be provided for the proposals.
Remaining issues for further clarification
Application delay definition if minimum K0 is not configured
It is agreed that the application delay is determined based on the minimum K0 (). While in most usage scenarios for the feature, we expected that minimum K0 would be configured in all of the DL BWP, there could be a corner case scenario where the minimum K0 is not configured for DL BWP which becomes the active BWP. In this case, if minimum K2 is configured and dynamic change of minimum K2 should be supported, the application delay is undefined based on the current specification.
In our view, the fix for this corner case is simple:
[bookmark: _Toc32572270][bookmark: _Toc40464605]Proposal 1: For application delay determination, if  is not configured for the currently active DL BWP,  is assumed in the expression for application delay determination.
A TP implementing the above proposal is presented in the Appendix section.

UE suggested values for minimum scheduling offsets
In RAN1 #99, the following agreement related to the suggested values by the UE is agreed:
	Agreements:
· 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


Also, the range for the range of configured minimum scheduling offset is agreed:
	Agreements:
· For the RRC configuration, the configured minimum applicable K0/K2 value(s) take integer value(s) in the range from 0 to 16 slots.


For the suggested values, the agreement only applies to same-carrier scheduling. For cross-carrier scheduling, no agreement was made in RAN1, and it should not be assumed that the same-carrier scheduling agreement would also apply to cross-carrier scheduling. Reminding that the maximum K0min/K2min value of 16 slots in the RRC configuration was mainly motivated by cross-slot scheduling (e.g., a 15kHz SCS carrier scheduling a 120kHz SCS carrier), it is desirable to support the same maximum value (i.e., 16 slots) as one of the UE suggested value. However, since the UAI for the minimum scheduling offset, as captured in the current RAN2 specification, is per UE signaling, per SCS. Therefore, even though UE supporting cross-carrier scheduling sends UAI suggesting an offset value, the network may not discern whether the value is for same-carrier scheduling or for cross-carrier scheduling.
To resolve the ambiguity, a rule may be defined for the network to determine an appropriate value of the minimum scheduling offset for same- and cross-carrier scheduling, from the UE suggested value. Fortunately, in the current Rel-16 specification, we can find similar precedents. For example, for cross-carrier scheduling (or for cross-carrier A-CSI-RS), restriction of scheduling offset by  (TS 38.214, Section 5.5) is applied as a function of the scheduling cell’s SCS. Additionally, a delay value d is added to the timeDurationForQCL, to determine the threshold for PDSCH beam indication. The same underlying principle may be reused for the minimum scheduling offset adaptation. That is, when the UE suggested value is used for same-carrier scheduling, the network may use the reported value as it is. On the other hand, when the UE suggested value is used for cross-carrier scheduling, the network may implicitly add an offset  to the reported value. For the  value, {[0],…,[2]} slots for 15kHz and 30kHz SCSs and {[2],…,[4]} slots for 60kHz and 120kHz SCSs can be considered as a candidate.
[bookmark: _Toc40464606]Proposal 2: As a rule for deriving a suggested minimum scheduling offset value for cross-carrier scheduling, adding a fixed offset  to the suggested value for same-carrier scheduling can be considered.
[bookmark: _GoBack]Given that the UE suggested values will be captured in RAN2 specification instead of RAN1, we prefer the discussion for cross-carrier scheduling case to take place in RAN2. Therefore, no TP is presented as this proposal should be discussed and specified in RAN2.

Working assumption for application delay
In RAN1 #99, the following agreement related to the application delay has been agreed:
	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.


As the working assumption in RAN1 #99 has not been captured in the current spec yet, the application delay when the numerologies of the scheduling and scheduled cells are different (i.e., cross-carrier scheduling) is not clearly defined:  In the current spec (TS 38.214, Section 5.3.1), the numerology conversion for the application delay is only vaguely described using  and . However, the definition of  is unclear if the change of the minimum applicable scheduling offset is triggered by a UL grant and not associated with PDSCH.
Noting that, in RAN1 #100b-e, numerology conversion for  and  has been agreed, we can take the same step for the application delay.
[bookmark: _Toc40464607]Proposal 3: Confirm the working assumption in RAN1 #99 and apply numerology conversion to the application delay based on the numerologies of the scheduling and scheduled cells.
A TP implementing the above proposal is presented in the Appendix section.

In RAN1 #100b-e, the following agreement has been made:
	Agreements:
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.


For the third main bullet highlighted in the above agreement, no consensus was reached during RAN1 #100b-e discussion [3]. When we continue the discussion in RAN1 #101-e, the draft TP from RAN1 #100-e can be a starting point. To address some concerns during RAN1 #100b-e, it should be clear from the TP that the conversion of the application delay should only be applicable to the cross-carrier scheduling cases.
[bookmark: _Toc40464608]Proposal 4: In the specification (TS 38.214, Section 5.3.1), the conversion of the application delay for cross-carrier scheduling, when an active DL BWP change is triggered on the scheduling cell before the application delay ends, should be clarified.
A TP implementing the above proposal is presented in the Appendix section.

Conclusions
Proposal 1: For application delay determination, if  is not configured for the currently active DL BWP,  is assumed in the expression for application delay determination.
Proposal 2: As a rule for deriving a suggested minimum scheduling offset value for cross-carrier scheduling, adding a fixed offset  to the suggested value for same-carrier scheduling can be considered.
Proposal 3: Confirm the working assumption in RAN1 #99 and apply numerology conversion to the application delay based on the numerologies of the scheduling and scheduled cells.
Proposal 4: In the specification (TS 38.214, Section 5.3.1), the conversion of the application delay for cross-carrier scheduling, when an active DL BWP change is triggered on the scheduling cell before the application delay ends, should be clarified.
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Appendix: Text Proposals
============TP for TS 38.214 Section 5.3.1=====================================
--Unchanged part omitted------------------------
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 of the scheduled cell before slot n+X of the scheduling cell. The slot n+X is converted to , if needed, after an active DL BWP change in the scheduling cell that is triggered by another DCI at or after slot n, where  is the numerology of the active DL BWP of the scheduling cell when receiving the DCI in slot n, and  is the numerology of the new active BWP of the scheduling cell.
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 and  are the currently applied K0min value and the numerology of the active DL BWP in the scheduled cell, respectively, and  is the numerology of the active DL BWP of the scheduling 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. If K0min value is not configured for the active DL BWP in the scheduled cell, K0minOld is assumed to take the value zero. 
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.
Table 5.3.1-1: Definition of Zµ
	µ
	Zµ

	0
	1

	1
	1

	2
	2

	3
	2


--Unchanged part omitted------------------------
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