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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introductions
After RAN WG1 #99 meeting, the main part for cross-slot scheduling power saving is specified [1]. This contribution discusses the remaining aspects of cross-slot scheduling enhancements in Rel-16.

2. Remaining aspects of cross-slot scheduling in Rel-16
2.1. CSS of type 3 and other cases if default TDRA table is applied
It is already agreed that the adaptation on the minimum applicable value of K0 does not apply to at least the following cases [1]: 
	Agreements:
· The adaptation on the minimum applicable value of K0 does not apply to at least the following cases:
			RNTI
	PDCCH search space

	SI-RNTI
	Type0 common

	SI-RNTI
	Type0A common

	RA-RNTI, TC-RNTI
	Type1 common

	P-RNTI
	Type2 common



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



The following is specified for Type3-PDCCH CSS in TS 38.213:
	A UE monitors PDCCH candidates in one or more of the following search spaces sets:
a Type3-PDCCH CSS set configured by SearchSpace in PDCCH-Config with searchSpaceType = common for DCI formats with CRC scrambled by INT-RNTI, SFI-RNTI, TPC-PUSCH-RNTI, TPC-PUCCH-RNTI, or TPC-SRS-RNTI and, only for the primary cell, C-RNTI, MCS-C-RNTI, or CS-RNTI(s).



In TS 38.214, the Applicable PDSCH time domain resource allocation is described in Table 1. 
Table 1: Applicable PDSCH time domain resource allocation
	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, 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



If default TDRA is applied, for C-RNTI, MCS-C-RNTI, CS-RNTI monitored in any search space associated with CORESET 0 or not associated with CORESET 0, the adaptation on the minimum scheduling offset does not apply. It is already agreed that 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. So it is further proposed that the adaptation on the minimum scheduling offset does not apply to C/CS/MCS-RNTI monitored in any common search space (of type 0/0A/1/2) NOT associated with CORESET 0 if default TDRA table is applied. Similarly, for Type 3 CSS associated with CORESET 0 or not associated with CORESET 0 or USS, the adaptation on the minimum scheduling offset does not apply to C/CS/MCS-RNTI if default TDRA table is applied. Otherwise, if default TDRA table is not applied, the adaptation on the minimum scheduling offset applies to C/CS/MCS-RNTI for Type 3 CSS and USS.
Proposal 1:
The adaptation on the minimum scheduling offset does not apply to C/CS/MCS-RNTI monitored in any common search space (of type 0/0A/1/2) NOT associated with CORESET 0 if default TDRA table is applied.
Proposal 2:
The adaptation on the minimum scheduling offset does not apply to C/CS/MCS-RNTI monitored in Type 3 CSS or USS if default TDRA table is applied. If default TDRA table is not applied, the adaptation on the minimum scheduling offset applies to C/CS/MCS-RNTI for Type 3 CSS and USS.



Text proposals:
	5.1.2.1	Resource allocation in time domain
…
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 in slot n. 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 Section 5.3.1.
[bookmark: _Toc11352143][bookmark: _Toc20318033]6.1.2.1	Resource allocation in time domain
…
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. 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 minimum scheduling restriction is not applied when PUSCH transmission is scheduled by C-RNTI, CS-RNTI or MCS-C-RNTI if default TDRA table is applied. The application delay of the change of the minimum scheduling offset restriction is determined in Section 5.3.1.



2.2. Fallback DCI
It is agreed that 1-bit indication in DCI format 1_1 or format 0_1 (non-fallback DCI) is used to jointly determine the minimum applicable K0 for the active DL BWP and the minimum applicable K2 value for the active UL BWP, which are to be applied at least after the application delay. However, for fallback DCI (DCI format 1_0 and 0_0), there is no 1-bit indication for minimum scheduling offset. One issue is how to determine the applied minimum scheduling offset for fallback DCI. One straightforward solution is that UE may apply the latest minimum scheduling offset for fallback DCI in any search space. The latest minimum scheduling offset can be previously indicated by non-fallback DCI with the 1-bit indication, or can be the value applied for an activated BWP without the 1-bit indication received in DCI, e.g., timer based default BWP fallback.
Observation 1: 
For fallback DCI, UE may apply the latest minimum scheduling offset, which can be previously indicated by non-fallback DCI with the 1-bit indication, or can be the value applied for an activated BWP without the 1-bit indication received in DCI, e.g., timer based default BWP fallback. 

2.3. Invalid TDRA entry received in a DCI
The following is agreed for handling invalid entry in the active DL (UL) TDRA table with K0 (K2) value smaller than the indicated minimum K0 (K2). 
	Agreements:
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 aforementioned case can be occurred for the following case, e.g., when UE missed the last scheduling DCI which contains indication for minimum K0 (K2), an entry in the active DL (UL) TDRA table with K0 (K2) value can be smaller than the indicated minimum. 

Issue 1: Whether the minimum K0/K2 take effect in case of invalid TDRA entry is received in a DCI?
Although the UE may not be able to decode PDSCH successfully, however, when the PDCCH is successfully decoded, a follow up issue is that whether UE applies the minimum K0/K2 when there is an invalid entry in the active DL (UL) TDRA table with K0 (K2) value? If UE does not apply the minimum K0/K2 in DCI in case of invalid entry, gNB cannot know this and will schedule data according the indicated minimum K0/K2. Hence such error propagation happens quite a while. Otherwise, if UE apply the minimum K0/K2 in DCI in case of invalid entry, the UE can recovery from the last DCI missing as soon as possible.
Proposal 3: UE applies the minimum K0/K2 value when PDCCH is successfully decoded, irrespective the entry in the active DL (UL) TDRA table with K0 (K2) value from the scheduling DCI is smaller than the active minimum applicable K0/K2 value prior to the change indication. 

Issue 2: whether UE need to falls back to lowest indexed minimum scheduling offset when the UE detects an invalid entry in TDRA table?
When UE receives an entry in the active DL (UL) TDRA table with K0 (K2) value smaller than the indicated minimum, UE may assume that it missed the last scheduling DCI which contains indication for minimum K0 (K2). There is a misalignment period between gNB and UE until UE receives another DCI indicating a new minimum scheduling offset. However, if fallback DCI (DCI format 1_0 and 0_0) is configured, there is no 1-bit indication for minimum scheduling offset. The worst case is that UE may not receive a DCI format 1_1 or 0_1 for a long time. Then the misalignment period between gNB and UE will last long. This may cause UE failed to decode PDSCH due to not buffering data in time. One solution is that UE falls back to lowest indexed minimum scheduling offset when the UE detects an invalid entry in TDRA table in this case.
Proposal 4: UE falls back to lowest indexed minimum scheduling offset when the UE detects an invalid entry in TDRA table at least in fallback DCI.

Text proposals:
	
5.1.2.1	Resource allocation in time domain
…
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 in slot n. When UE is scheduled with a DCI 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, UE applies the minimum scheduling offset restriction indicated by the DCI after the application delay. 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 Section 5.3.1.
6.1.2.1	Resource allocation in time domain
…
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. When UE is scheduled with a DCI 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, UE applies the minimum scheduling offset restriction indicated by the DCI after the application delay. 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 Section 5.3.1.




2.4. Indication collision for DCI format 1-1 or format 0-1 
According to the current agreements, both DCI format 1-1 and format 0-1 can have the 1-bit indication to indicated minimum K0/K2. UE can follow received DCI format 1-1 or format 0-1 to adapt the minimum K0/K2. UE receiving at the same time DCI format 1-1 and format 0-1 with different 1-bit indications is error case. 
Proposal 5: UE does not expect to receive at the same monitoring occasion DCI format 1-1 and format 0-1 with different 1-bit indications. 

Text proposals:
	
[bookmark: _Toc11352084][bookmark: _Toc20317974]5.1.2.1	Resource allocation in time domain
…
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 Section 5.3.1.
UE is not expected to receive different [‘Minimum applicable scheduling offset indicator’] value indicated by DCI format 1_1 and format 0_1 at the same monitoring occasion.


[bookmark: _GoBack]
2.5. Application Delay for PDCCH monitoring case 1-1 for Cross-carrier scheduling
	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.  



Proposal 6: 
· Confirm the working assumption for application delay for PDCCH monitoring case 1-1 for Cross-carrier scheduling.

2.6. Cross-slot/same-slot scheduling and power saving channel for CDRX
In Rel-16, PDCCH based power saving signal/channel is introduced to indicate UE whether or not to skip PDCCH monitoring in the upcoming DRX OnDuration. When data arrived, gNB will send power saving signal/channel to UE, and it is beneficial to allow UE to exploit same-slot scheduling to have a quick data delivery. When all the data transmission is completed, gNB can indicate UE to apply cross-slot scheduling to save power. So it is proposed that upon UE detect PS-PDCCH indicating UE to wake up in the upcoming DRX OnDuration, UE automatically switch to same-slot scheduling in the upcoming DRX OnDuration. This mechanism can be switched on/off by network.
If PDCCH based power saving signal/channel is not configured for CDRX, in onduration timer, upon UE receives a new transmission, the DRX-activity timer is started, and it is beneficial for UE to adapt to same-slot scheduling. This mechanism can be switched on/off by network.
Proposal 7: Upon detecting PDCCH WUS indicating UE to wake up in the upcoming DRX OnDuration, UE automatically switch to same-slot scheduling in the upcoming DRX OnDuration. This mechanism can be switched on/off by network.
Proposal 8: If PDCCH WUS for CDRX is not configured, upon UE receives new transmission in DRX OnDuration, UE automatically switch to same-slot scheduling. This mechanism can be switched on/off by network.

3. Conclusion
This contribution discusses the remaining aspects of cross-slot scheduling power saving techniques, and have the following observations and proposals. 

Proposal 1:
The adaptation on the minimum scheduling offset does not apply to C/CS/MCS-RNTI monitored in any common search space (of type 0/0A/1/2) NOT associated with CORESET 0 if default TDRA table is applied.
Proposal 2:
The adaptation on the minimum scheduling offset does not apply to C/CS/MCS-RNTI monitored in Type 3 CSS or USS if default TDRA table is applied. If default TDRA table is not applied, the adaptation on the minimum scheduling offset applies to C/CS/MCS-RNTI for Type 3 CSS and USS.

Observation 1: 
For fallback DCI, UE may apply the latest minimum scheduling offset, which can be previously indicated by non-fallback DCI with the 1-bit indication, or can be the value applied for an activated BWP without the 1-bit indication received in DCI, e.g., timer based default BWP fallback. 
Proposal 3: UE applies the minimum K0/K2 value when PDCCH is successfully decoded, irrespective the entry in the active DL (UL) TDRA table with K0 (K2) value from the scheduling DCI is smaller than the active minimum applicable K0/K2 value prior to the change indication. 
Proposal 4: UE falls back to lowest indexed minimum scheduling offset when the UE detects an invalid entry in TDRA table at least in fallback DCI.
Proposal 5: UE does not expect to receive at the same monitoring occasion DCI format 1-1 and format 0-1 with different 1-bit indications. 
Proposal 6: Confirm the working assumption for application delay for PDCCH monitoring case 1-1 for Cross-carrier scheduling.
Proposal 7: Upon detecting PDCCH WUS indicating UE to wake up in the upcoming DRX OnDuration, UE automatically switch to same-slot scheduling in the upcoming DRX OnDuration. This mechanism can be switched on/off by network.
Proposal 8: If PDCCH WUS for CDRX is not configured, upon UE receives new transmission in DRX OnDuration, UE automatically switch to same-slot scheduling. This mechanism can be switched on/off by network.

The related text proposals are given below:
------------------------------------------------------------------------------------------------------------------------------------
5.1.2.1	Resource allocation in time domain
…
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 in slot n. When UE is scheduled with a DCI 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, UE applies the minimum scheduling offset restriction indicated by the DCI after the application delay. 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 Section 5.3.1.
UE is not expected to receive different [‘Minimum applicable scheduling offset indicator’] value indicated by DCI format 1_1 and format 0_1 at the same monitoring occasion.
6.1.2.1	Resource allocation in time domain
…
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. When UE is scheduled with a DCI 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, UE applies the minimum scheduling offset restriction indicated by the DCI after the application delay. 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 minimum scheduling restriction is not applied when PUSCH transmission is scheduled by C-RNTI, CS-RNTI or MCS-C-RNTI if default TDRA table is applied. The application delay of the change of the minimum scheduling offset restriction is determined in Section 5.3.1.
------------------------------------------------------------------------------------------------------------------------------------
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