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1. Introduction
In a previous meeting, the scheduling offset in cross-BWP scheduling was discussed intensively, but it didn’t reach consensus. The followings were suggested by the feature lead for this meeting.
	· 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).
· 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
· 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


In this contribution, we discuss remaining issues including the scheduling offset in cross-BWP scheduling. 

2. Discussion 
2.1. The factors to be considered for the scheduling offset in cross-BWP scheduling 
During email discussion of previous meeting, many companies provided views about the factors to be considered for the scheduling offset in cross-BWP scheduling. According to FL’s summary, following options can be considered for determining the scheduling offset in cross-BWP scheduling; 
Option 1: only BWP switch delay
Option 2: Max (BWP switch delay, active minimum scheduling offset of the scheduling BWP)
Option 3: BWP switching delay + active minimum scheduling offset of the scheduling BWP 
The power saving gain of cross-slot scheduling could be achieved by increasing sleep duration or PDCCH processing relaxation. The extension of sleep duration can be performed by normal PDCCH decoding and sleep (until the time guaranteed by minimum applicable K0). On the other hands, for the PDCCH processing relaxation, a UE can use lower voltage/clock speed during the time guaranteed by minimum applicable K0. A UE can choose which way is used for power saving, and RAN1 has been considering both ways in power saving WI. 
In general, the BWP switch delay consists of PDCCH reception, PDCCH processing, RF/BB parameter calculating and loading, applying the new parameters, and additional margin. Because a UE does not know when cross-BWP scheduling is indicated, PDCCH processing time should be much shorter than the BWP switch delay (i.e., the UE should terminate PDCCH processing within a certain portion of BWP switch delay). It means, if a UE performs PDCCH processing relaxation as a power saving scheme, and if PDSCH scheduling offset is determined based on only BWP switch delay, it is difficult to achieve power saving gain on any slot by cross-slot scheduling. From this perspective, option 2 or 3 is desirable to determine scheduling offset in cross-slot scheduling. Figure 1 shows an example of UE behaviour (using PDCCH processing relaxation) in cross-BWP scheduling when scheduling offset is determined based on (a) option 2 and (b) option 3. In the example, BWP switch delay = 1ms and minimum applicable K0 of scheduling BWP = 3 (slots) are assumed. As shown in the figure, option 3 can achieve more power saving gain, while there may be scheduling restriction (e.g., larger K0 value for cross-BWP scheduling). 
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Figure 1. UE behaviour in cross-BWP scheduling
Proposal 1: In cross-BWP scheduling, the scheduling offset is not smaller than Max (BWP switch delay, active minimum scheduling offset of the scheduling BWP) or (BWP switching delay + active minimum scheduling offset of the scheduling BWP). 
Regarding issue #1 raised by a FL, in order to support both power saving techniques (i.e., PDCCH processing relaxation and extension of sleep duration) and maximize power saving gain by cross-slot scheduling, our proposal is that the minimum applicable K0/K2 of source BWP should be maintained until termination of BWP switching. If this proposal is agreed, there is no problem on issue #2. 
Proposal 2: Regarding the issue #1, Alt 1 is supported (i.e., TP is needed to clarify how K0min/K2min of source BWP is applied to target BWP of cross-BWP scheduling). 

2.2. Exceptional cases of minimum applicable K0 
The power saving gain from cross-slot scheduling comes from micro sleep or PDCCH processing relaxation in the duration guaranteed by minimum K0. Meanwhile, for some cases, those power saving schemes may be inefficient or data buffering should be performed. To be specific, if a UE monitors (SI, RA, P)-RNTI on Type(0,0A,1,2) CSS using default PDSCH TDRA table, the adaptation on the minimum applicable value of K0 cannot be applied because mostly all K0 values in default TDRA table is 0. For this reason, it was agreed that the adaptation on the minimum applicable value of K0 is not applied for following cases; 
· SI-RNTI monitored in Type0/0A CSS, RA-RNTI & TC-RNTI monitored in Type1 CSS, and P-RNTI monitored in Type2 CSS (agreement in RAN1#96bis)
· C-/CS-/MCS-C-RNTI monitored in any CSS (of Type 0/0A/1/2) associated with CORESET0 if default TDRA table is applied (agreement in RAN1#99)
Table 1 shows applicable PDSCH time domain resource allocation for DCI formats 1_0 and 1_1 as defined in TS38.214 Section 5.1.2.1. In the table, the highlighted region should be discussed to finalize exceptional case of minimum applicable K0, the rest of the table was agreed as exceptional cases of minimum applicable K0. If a RRC-configured TDRA table (i.e., pdsch-TimeDomainAllocationList provided in pdsch-ConfigCommon, pdsch-TimeDomainAllocationList provided in pdsch-Config) is provided to a UE, a gNB can select minimum applicable K0 value in the table. However, if a UE assumes default TDRA table for PDSCH time domain resource allocation, the minimum applicable K0 value (which is larger than 0) cannot be applied because default TDRA table is applied. (For reference, it was agreed in RAN1#97 that an entry in the active DL (UL) TDRA table with K0 (K2) value smaller than the indicated minimum K0 (K2) is not expected by or not valid for the UE for the TDRA indication(s).)
	RNTI
	PDCCH search space
	SS/PBCH block and CORESET multiplexing pattern
	pdsch-ConfigCommon includes pdsch-TimeDomainAllocationList
	pdsch-Config includes pdsch-TimeDomainAllocationList
	PDSCH time domain resource allocation to apply

	SI-RNTI

	Type0 common
	1
	-
	-
	Default A for normal CP

	
	
	2
	-
	-
	Default B

	
	
	3
	-
	-
	Default C

	SI-RNTI
	Type0A common
	1
	No
	-
	Default A

	
	
	2
	No
	-
	Default B

	
	
	3
	No
	-
	Default C

	
	
	1,2,3
	Yes
	-
	pdsch-TimeDomainAllocationList provided in pdsch-ConfigCommon

	RA-RNTI, MsgB-RNTI, TC-RNTI
	Type1 common
	1, 2, 3
	No
	-
	Default A

	
	
	1, 2, 3
	Yes
	-
	pdsch-TimeDomainAllocationList provided in pdsch-ConfigCommon

	P-RNTI
	Type2 common
	1
	No
	-
	Default A

	
	
	2
	No
	-
	Default B

	
	
	3
	No
	-
	Default C

	
	
	1,2,3
	Yes
	-
	pdsch-TimeDomainAllocationList provided in pdsch-ConfigCommon

	C-RNTI, MCS-C-RNTI, CS-RNTI
	Any common search space associated with CORESET 0
	1, 2, 3
	No
	-
	Default A

	
	
	1, 2, 3
	Yes
	-
	pdsch-TimeDomainAllocationList provided in pdsch-ConfigCommon

	C-RNTI, MCS-C-RNTI, CS-RNTI
	Any common search space not associated with CORESET 0

UE specific search space
	1,2,3
	No
	No
	Default A

	
	
	1,2,3
	Yes
	No
	pdsch-TimeDomainAllocationList provided in pdsch-ConfigCommon 

	
	
	1,2,3
	No/Yes
	Yes
	pdsch-TimeDomainAllocationList provided in pdsch-Config


Table 1. Applicable PDSCH time domain resource allocation (Table 5.1.2.1.1-1 in TS38.214)
In conclusion, we propose that the adaptation on the minimum applicable value of K0 does not apply to C-/CS-/MCS-C-RNTI monitored in any search space set associated with any CORESET if default TDRA table is applied.
Proposal 3: The adaptation on the minimum applicable value of K0 does not apply to C-/CS-/MCS-C-RNTI monitored in any search space set associated with any CORESET if default TDRA table is applied.


3. Conclusion
In this contribution, we discuss remaining issues on cross-slot scheduling, and our proposals are as follows;
Proposal 1: In cross-BWP scheduling, the scheduling offset is not smaller than Max (BWP switch delay, active minimum scheduling offset of the scheduling BWP) or (BWP switching delay + active minimum scheduling offset of the scheduling BWP).
Proposal 2: Regarding the issue #1, Alt 1 is supported (i.e., TP is needed to clarify how K0min/K2min of source BWP is applied to target BWP of cross-BWP scheduling).
Proposal 3: The adaptation on the minimum applicable value of K0 does not apply to C-/CS-/MCS-C-RNTI monitored in any search space set associated with any CORESET if default TDRA table is applied.
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