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1. [bookmark: _Toc120549591]Introduction
In last RAN1 #100 e-meeting, the factors to be considered for the scheduling offset in cross-BWP scheduling was discussed in [100e-NR-UE_pow_sav-Cross_Slot-02] email discussion thread, but there was no conclusion. 
In this contribution, some remaining issues on cross-slot scheduling adaptation in cross-BWP scheduling and one remaining issue about the case of adaptation on the minimum applicable value of K0 will be discussed.
2. Scheduling offset restriction in cross-BWP scheduling
In last RAN1 #100 e-meeting, the factors considered for indicating the scheduling offset in cross-BWP scheduling were discussed in the following proposal [1][2], but companies had no consensus on it. 
	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 leader separated this discussion into two related issues for the April meeting [3], we will analyse the two related issues and give our preference.

2.1 Issue #1: Whether and how to apply the currently active minimum scheduling offset restriction in the case of cross-BWP scheduling
The first issue is about the agreements in RAN1 #97 as the following and to discuss whether the current active minimum scheduling offset restriction can be applied to target BWP.
	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)


The feature leader gave three alternatives, and the analysis are as the following.
· Alt 1: Agree; TP is needed to clarify how K0min/K2min of source BWP is applied to target BWP of cross-BWP scheduling;
The first alternative is to apply the source BWP scheduling offset restriction to target BWP in case of cross-BWP scheduling, and possible numerology conversion is needed if the source BWP has different SCS with the target BWP. The advantage of this alternative is that the PDCCH processing timeline for cross-BWP scheduling are the same as for same-BWP scheduling, and power saving can be realized by PDCCH processing relaxation in these two cases.  
This alternative is the prerequisite of the combination scheme of A (BWP switch delay) factor and C (source BWP scheduling offset restriction) factor discussed in the email discussion [100e-NR-UE_pow_sav-Cross_Slot-02]. In addition, two methods of the combination of A and C, which is A+C and max(A,C), were also discussed. Comparing these two methods, A+C can always guarantee the desired power saving gain of PDCCH processing relaxation since UE just needs to make sure that the DCI is decoded before the minimum scheduling offset, regardless of same BWP scheduling or cross-BWP scheduling. While max(A,C) can only provide some PDCCH processing relaxation gain when C>=A since UE have to reserve A in case of BWP switch is triggered in the decoded DCI, and the PDCCH processing time is limited to C-A. However, the time of A+C seems too long, especially for type 2 BWP switch delay and large K0min/K2min case, which may reduce UE’s scheduling chance. Therefore, we think max(A,C) is better than A+C if Alt 1 is agreed.  
· Alt 2: Disagree; TP to clarify the applied K0min/K2min only for an active BWP, not covering cross-BWP case;
In the email discussion [100e-NR-UE_pow_sav-Cross_Slot-02], there was also a proposal that only BWP switch delay, e.g., A only, is considered as the scheduling offset restriction for cross-BWP scheduling. If Alt 2 is agreed, then at least this proposal could be further discussed. With this proposal, the power saving gain of PDCCH processing relaxation cannot be achieved whether for same BWP scheduling or cross-BWP scheduling since UE needs to complete the PDCCH processing as soon as possible.
· 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).
The third one is an extension of Alt 2, and is similar to the combination scheme of A factor and D(E) factor in the email discussion [100e-NR-UE_pow_sav-Cross_Slot-02]. This alternative seems need more specification effort on it.
Based on the above discussion, the difference of Alt 1 and Alt 2 is the power saving gain of PDCCH processing relaxation. But considering most UEs only support type 2 BWP switch delay, it is high possible that A>=C, which means max(A, C) equals to A and causes no difference between Alt 1 and Alt 2, Therefore, we think both Alt 1 and Alt 2 can be considered in this issue.
Proposal 1. Alt 1 or Alt 2 can be considered in issue #1: Whether and how to apply the currently active minimum scheduling offset restriction in the case of cross-BWP scheduling. 
Proposal 2. Max(A, C) can be used as the scheduling offset restriction in cross-BWP scheduling if Alt 1 in issue #1 is agreed.

2.2 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 second issue is about the scheduling offset restriction after BWP switch and before application delay. The feature leader gave four alternatives, the analysis and relationships with issue #1 are as the following.
· Alt 1: Scaled K0min/K2min from source BWP: There may reuse the TP for issue #1 if the proposal is agreed;
This alternative is based on the agreement of Alt 1 in issue #1. Based on Alt 1 in issue #1, the scheduling offset restriction on target BWP can be divided into two phases. The first phase is before the ending of application delay, during which the minimum scheduling offset of the source BWP is applied. The second phase is after application delay and the indicated K0min/K2min in the cross-BWP scheduling DCI is applied. It is a simple and total solution of scheduling offset restriction determination. The argument in last meeting of the opponents is that the scheduling offset of target BWP is correlated with the scheduling offset of the source BWP, but we think this is not unacceptable.
· 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;
This alternative means the upper bound of application delay is the BWP switching delay, and changes the previous application delay agreement. With this alternative, the argument on alternative 1 could be addressed since the scheduling offset in the target BWP has no relationship with that of source BWP and the indicated K0min/K2min will be applied immediately after BWP switch delay. This alternative is the simplest way to solve both issue #1 and issue #2, but needs further update for application delay determination.
· 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 behaviour;
This alternative is to reuse the default behaviour when no 1-bit indication is received. Compared with Alt 1 and Alt 2, this alternative will increase the UE complexity and the scheduling offset restriction is more complicated, since there is one for source BWP before BWP switch, one for target BWP scheduling before application delay and one for target BWP scheduling after application delay.
· 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.
We think it would be better to clearly specify the UE behaviour and keep the same understanding between network and UE. Otherwise, network may not schedule the UE before application delay, which will increase the delay of the UE, especially when the application delay is too long, e.g., 16 slots. 

Based on the above discussion, we can see that the solutions in issue #2 have some relationships with issue #1, and should also consider if taking the BWP switch delay as the upper bound of application delay or not. Therefore, we consider the following two cases.
· Case 1. Keep the current application delay unchanged
If the application delay cannot be revised, we think the combination of Alt 1 in issue #1 and Alt 1 in issue #2 is a better solution for scheduling offset restriction determination in case of cross-BWP switching. That is, the scheduling offset in the cross-BWP scheduling DCI should be no smaller than max(A,C).
· Case 2. Take the BWP switch delay as the upper bound of application delay in case of cross-BWP switch
If the application delay can be revised as no longer than BWP switch delay, we think the combination of Alt 2 in issue #1 and Alt 2 in issue #2 can be considered. That is, the scheduling offset in the cross-BWP scheduling DCI should be not smaller than A.

Proposal 3. If keeping the current application delay unchanged, the scheduling offset in the cross-BWP scheduling DCI should be not smaller than max(A,C), i.e., max(BWP switch delay, minimum scheduling offset in the source BWP before the BWP switch).
Proposal 4. If taking the BWP switch delay as the upper bound of application delay in case of cross-BWP switch, the scheduling offset in the cross-BWP scheduling DCI should be not smaller than A only (i.e., BWP switch delay).
3. Adaptation on the minimum applicable value of K0 case
The adaptation of minimum applicable value of K0 in the case of C/CS/MCS-RNTI was discussed in RAN1#99 meeting, and the agreement was as the following [4]. There are two FFS which the case of Type 3 CSS and other cases of default TDRA table. 
Agreements:
The adaptation on the minimum applicable value of K0 does not apply to C/CS/MCS-RNTI monitored in any common search space (of type 0/0A/1/2) associated with CORESET 0 if default TDRA table is applied.
· FFS the case of CSS of type 3
· FFS other cases if default TDRA table is applied

In current TS 38.214 [5], the minimum scheduling offset restriction is not applied in all the common search space (Type 0/0A/1/2/3) associated with CORESET 0 when default TDRA table is used with C/CS/MCS-RNTI. That is if Type3 CSS is associated with CORESET 0 and default TDRA table is applied, the cross-slot scheduling can not be applied, which partial problem of the first FFS in the above agreement was resolved.

“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 only remained cases of TDRA table used is the Type 3 CSS with C/CS/MCS-RNTI but not associated with CORESET 0. In this case, only default PDSCH TDRA table A is used, and all the K0 in default table A is 0 according to TS 38.214 as the following. 

Table 5.1.2.1.1-1: Applicable PDSCH time domain resource allocation for DCI formats 1_0 and 1_1
	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



[bookmark: _GoBack]
Table 5.1.2.1.1-2: Default PDSCH time domain resource allocation A for normal CP
	Row index
	[bookmark: _Hlk513099354]dmrs-TypeA-Position
	PDSCH mapping type
	K0
	S
	L

	1
	2
	Type A
	0
	2
	12

	
	3
	Type A
	0
	3
	11

	2
	2
	Type A
	0
	2
	10

	
	3
	Type A
	0
	3
	9

	3
	2
	Type A
	0
	2
	9

	
	3
	Type A
	0
	3
	8

	4
	2
	Type A
	0
	2
	7

	
	3
	Type A
	0
	3
	6

	5
	2
	Type A
	0
	2
	5

	
	3
	Type A
	0
	3
	4

	6
	2
	Type B
	0
	9
	4

	
	3
	Type B
	0
	10
	4

	7
	2
	Type B
	0
	4
	4

	
	3
	Type B
	0
	6
	4

	8
	2,3
	Type B
	0
	5
	7

	9
	2,3
	Type B
	0
	5
	2

	10
	2,3
	Type B
	0
	9
	2

	11
	2,3
	Type B
	0
	12
	2

	12
	2,3
	Type A
	0
	1
	13

	13
	2,3
	Type A
	0
	1
	6

	14
	2,3
	Type A
	0
	2
	4

	15
	2,3
	Type B
	0
	4
	7

	16
	2,3
	Type B
	0
	8
	4



Table 5.1.2.1.1-3: Default PDSCH time domain resource allocation A for extended CP
	Row index
	dmrs-TypeA-Position
	PDSCH mapping type
	K0
	S
	L

	1
	2
	Type A
	0
	2
	6

	
	3
	Type A
	0
	3
	5

	2
	2
	Type A
	0
	2
	10

	
	3
	Type A
	0
	3
	9

	3
	2
	Type A
	0
	2
	9

	
	3
	Type A
	0
	3
	8

	4
	2
	Type A
	0
	2
	7

	
	3
	Type A
	0
	3
	6

	5
	2
	Type A
	0
	2
	5

	
	3
	Type A
	0
	3
	4

	6
	2
	Type B
	0
	6
	4

	
	3
	Type B
	0
	8
	2

	7
	2
	Type B
	0
	4
	4

	
	3
	Type B
	0
	6
	4

	8
	2,3
	Type B
	0
	5
	6

	9
	2,3
	Type B
	0
	5
	2

	10
	2,3
	Type B
	0
	9
	2

	11
	2,3
	Type B
	0
	10
	2

	12
	2,3
	Type A
	0
	1
	11

	13
	2,3
	Type A
	0
	1
	6

	14
	2,3
	Type A
	0
	2
	4

	15
	2,3
	Type B
	0
	4
	6

	16
	2,3
	Type B
	0
	8
	4




Because of all K0 equals to 0, the adaptation of minimum applicable value of K0 cannot be applied when the default TDRA table is use in Type 3 CSS with C/CS/MCS-RNTI but not associated with CORESET 0. Therefore, all the CSS (Type 0/0A/1/2/3) with C/CS/MCS-RNTI when default TDRA table is used can not apply the adaptation of minimum applicable K0 whatever the CORESET is CORESET 0 or not.

Proposal 5. The adaptation on the minimum applicable value of K0 does not apply to C/CS/MCS-RNTI monitored in any common search space (of type 0/0A/1/2/3) if default TDRA table is applied.
Based on the above two discussions, the text proposal for TS 38.214 [5] is as the following:
TS 38.214 
5.1.2.1	Resource allocation in time domain
*** Unchanged text is 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.
*** Unchanged text is omitted ***
4. Conclusions
In this contribution, some remaining issues on cross-slot scheduling adaptation in cross-BWP scheduling and one remaining issue about the case of adaptation on the minimum applicable value of K0 are discussed, and the following proposals are made.
Proposal 1. Alt 1 or Alt 2 can be considered in issue #1: Whether and how to apply the currently active minimum scheduling offset restriction in the case of cross-BWP scheduling. 
Proposal 2. Max(A, C) can be used as the scheduling offset restriction in cross-BWP scheduling if Alt 1 in issue #1 is agreed.
Proposal 3. If keeping the current application delay unchanged, the scheduling offset in the cross-BWP scheduling DCI should be not smaller than max(A,C), i.e., max(BWP switch delay, minimum scheduling offset in the source BWP before the BWP switch).
Proposal 4. If taking the BWP switch delay as the upper bound of application delay in case of cross-BWP switch, the scheduling offset in the cross-BWP scheduling DCI should be no smaller than A only (i.e., BWP switch delay).
Proposal 5. The adaptation on the minimum applicable value of K0 does not apply to C/CS/MCS-RNTI monitored in any common search space (of type 0/0A/1/2/3) if default TDRA table is applied.
The text proposal for TS 38.214 is as the following:
TS 38.214 
5.1.2.1	Resource allocation in time domain
*** Unchanged text is 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.
*** Unchanged text is omitted ***
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