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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introductions
For cross-slot scheduling, some agreements had been reached in RAN1 #98 meeting, which are listed as follows [1]. 
	Agreements:
Scheduling DCI format(s), 1-1 and/or 0-1, to indicate the minimum applicable value of K0 (K2) for active DL (UL) BWP during Active Time is supported
· FFS: Whether and how other scheduling DCI format(s) during Active Time can be used
· FFS whether to have joint or separate indication for DL & UL

Agreements:
To adapt the minimum applicable value of K0 (K2) for an active DL (UL) BWP for the carrier where PDSCH(PUSCH) is transmitted, the following is supported:
· One or two RRC configured values for restriction to the active TDRA table 
· RRC configuration is per BWP 
· If there are one or two RRC configured values for a BWP, 1-bit indication to indicate one value from two candidate values
· For the case of one RRC configured value, the 1-bit indication further indicates whether or not there is no restriction to the active TDRA table

Agreements:
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 is determined by (to down-select one of them):
· Option 1: No restriction if one value is RRC configured; The lowest-indexed RRC configure value if two values are RRC configured
· Option 2: The configured value if one value is RRC configured; The lowest-indexed RRC configured value if two values are RRC configured; 
· Option 3: No restriction 

Agreements:
· The 1-bit indication in DCI format 1_1 or format 0_1 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.
Agreements:
· For an active DL and/or an active UL BWP, after UE is indicated to change the minimum applicable values of K0 and/or K2 and before the change indication takes effect,
· UE can be scheduled data with restriction based on current active minimum applicable values of K0 and/or K2



This contribution discusses the remaining aspects of cross-slot scheduling enhancements.
2. Discussion on cross-slot scheduling enhancement
2.1. Determination of minimum K0/K2 for BWP without the 1-bit indication received in DCI
In last meeting, there are three options as follows:
	Agreements:
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 is determined by (to down-select one of them):
· Option 1: No restriction if one value is RRC configured; The lowest-indexed RRC configure value if two values are RRC configured
· Option 2: The configured value if one value is RRC configured; The lowest-indexed RRC configured value if two values are RRC configured; 
· Option 3: No restriction



Timer based default DL BWP fallback is supported in Rel-15. The basic idea is that if a PDCCH addressed to C-RNTI or CS-RNTI indicating downlink assignment or uplink grant is received on/for the active BWP, start or restart the bwp-InactivityTimer associated with the active DL BWP. If the bwp-InactivityTimer associated with the active DL BWP expires, perform BWP switching to default DL BWP.
So if UE fallback to default DL BWP, the UE has not received any PDCCH addressed to C-RNTI or CS-RNTI indicating downlink assignment or uplink grant in a period (bwp-InactivityTimer). To further save power, it is better to switch to “cross-slot scheduling”, when bwp-InactivityTimer expires. It is already agreed that one or two RRC configured values for restriction to the active TDRA table. So it is natural to apply the one or two RRC configured values to enable “cross-slot scheduling” when UE fallback to default DL BWP. Thus Option 2 is preferred.
For option 3, it may introduce more than 2 processing capability if two value is RRC configured. Hence, it is not preferred.
Proposal 1: 
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 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.

2.2. UE reporting preferred minimum K0/K2
The minimum K0/K2 for cross-slot scheduling that facilitates power saving depends on UE implementation/capability. For example, for some UEs the minimum K0 for 120KHz SCS to facilitate power saving is x slots while for other UEs the value is Y slots.  Network can configure the K0/K2 values according to the minimum K0/K2 capability reported by UE such that cross-slot scheduling can be used more efficiently. Another alternative is that minimum K0/K2 requirements for different SCS for power saving is defined in spec and all UE should fulfill the requirements without capability report.
Proposal 2: Regarding minimum K0/K2, choose one from the following 2 alternatives:
1) Minimum K0/K2 for different SCS to facilitate power saving is included in UE capability, and UE reports this capability to gNB.
2) Minimum K0/K2 requirements for different SCS facilitate power saving is defined in spec and UE should fulfill the requirements without capability report.
Today smart phones are more and more intelligent, and UE has more knowledge than gNB, e.g., for UL initiated services. So it is suitable for UE to request to enable/disable cross-slot scheduling. The final decision is made by gNB.
Proposal 3: UE can report to gNB its preference of minimum K0/K2.

2.3. Application Delay Requirement
If UE receives the adaptation indication in slot n and the application delay is Y slot(s), UE shall be ready to apply new indicated minimum applicable value(s) in slot n + Y. The application delay should consider the following aspects:
· minimum applicable K0 value prior to the indicated change
· smallest feasible non-zero application that may depends on SCS
· Cross-carrier scheduling where different SCS for PDCCH and PDSCH
Particularly, for cross-carrier scheduling with different numerologies, the PDCCH on carrier 1 may not start from the first symbol of carrier 2 for PDSCH. Therefore an offset should be accounted by scalling the symbol index of PDCCH to slot index of PDSCH carrier according to SCS (Figure 1).
[image: ]
Figure 1: an application time for DCI based switching of cross-slot/same-slot scheduling
Therefore, it is proposed that 
· For an active DL and an active UL BWP, when UE is indicated by L1-based signalling(s) in slot n for scheduling cell to change the minimum applicable value(s) of K0 and/or K2, 
· UE is not expected to apply the new indicated minimum applicable value(s) before slot for K0 on scheduled cell, where 
· 
· X’ = max(Y’, Z’)
· Y’ is the minimum applicable K0 value prior to the indicated change
· Z’ = [2] for [SCS=120k] and [1] for other SCS
· W is the symbol index of PDCCH in the slot
· UE is not expected to apply the new indicated minimum applicable value(s) before slot for K2 on scheduled cell, where
· 	
· X’’ = max(Y’’, Z’’)
· Y’’ is the minimum applicable K2 value prior to the indicated change
· Z’’ = [2] for [SCS=120k] and [1] for other SCS
· W is the symbol index of PDCCH in the slot

Proposal 4:
For an active DL and an active UL BWP, when UE is indicated by L1-based signalling(s) in slot n for scheduling cell to change the minimum applicable value(s) of K0 and/or K2, UE is not expected to apply the new indicated minimum applicable value(s) before slot 𝑛’ for K0 on scheduled cell, or slot  𝑛’’ for K2 on scheduled cell, 

[image: ]
where,
· X = max(Y, Z)
· Y is the minimum applicable K0/K2 value prior to the indicated change
· Z = [2] for [SCS=120k] and [1] for other SCS for [DL and UL]
· W is the symbol index of PDCCH in the slot

2.4. 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 5: Upon detecting 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.
Proposal 6: If 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.

2.5. A-SRS triggering offset
In Rel-15, aperiodic SRS offset is configurable. If UE is configured with a minimum K2 for PUSCH scheduling but with an aperiodic SRS offset which is smaller than minimum K2, UE need to do fast PDCCH decoding and can not save power effectively. The optimization is to align A-SRS triggering offset with the minimum K2 value. UE does not expect to be configured with an A-SRS triggering offset which is shorter than the minimum K2. Please note this is the similar method to handle minimal applicable value(s) for K0 and A-CSI-RS triggering offset.
Proposal 7: Restrict A-SRS triggering offset to be no shorter than minimum K2 in Rel-16, when minimum K2 is configured.

2.6. Dedicated NACK/ACK for scheduling DCI with 1-bit indication
In last meeting, the following is agreed:
Agreements:
· The 1-bit indication in DCI format 1_1 or format 0_1 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.

For DL scheduling, after UE correctly decodes the scheduling DCI with 1-bit indication, UE will receive the related PDSCH and then feedback ACK/NACK to gNB. If gNB receives the ACK/NACK from UE, gNB can assume that UE correctly receives the DCI. If gNB receives “DTX” from UE, gNB can not know whether this is because ACK/NACK is missed or UE does not send ACK/NACK. In this case, gNB can send another scheduling DCI with 1-bit indication to UE to improve the signaling robustness.
For UL scheduling, after UE correctly decodes the scheduling DCI with 1-bit indication, UE will send the related PUSCH to gNB. If gNB receives the PUSCH from UE, gNB can assume that UE correctly receives the DCI. If gNB missed PUSCH from UE, and gNB can schedule another UL transmission with the DCI with 1-bit indication. 
Observation 1: After UE correctly decodes the scheduling DCI with 1-bit indication to indicate minimum K0/K2, UE will apply the indicated minimum K0/K2 after the application delay. gNB can improve the robustness of 1-bit indication by sending 1-bit indication in e.g., two consecutive scheduling DCIs.
Another method to improve the robustness of 1-bit indication is to introduce dedicated ACK/NACK for DCI. That is, if UE correctly receives DCI, UE sends ACK to gNB. Otherwise, UE sends NACK to gNB. This is similar to the validation mechanism similar to PDCCH validation for DL SPS. One issue for dedicated NACK/ACK for scheduling DCI with 1-bit indication is the high signaling overhead. Once configured, the 1-bit indication will always be included in the scheduling DCI. For each scheduling DCI with 1-bit indication, UE need to feedback ACK/NACK for scheduling DCI (not for the PDSCH or PUSCH). This will cause high overhead. Considering gNB can improve the robustness of 1-bit indication by sending 1-bit indication in e.g., two consecutive scheduling DCIs, it is proposed not to support dedicated NACK/ACK for scheduling DCI with 1-bit indication for cross-slot scheduling.
Observation 2: If UE need to feedback dedicated ACK/NACK for each scheduling DCI with 1-bit indication, high signaling overhead will be introduced.
[bookmark: _Ref16938043]Proposal 8: No dedicated NACK/ACK for scheduling DCI with 1-bit indication for cross-slot scheduling.

3. Conclusion
This contribution discusses the remaining aspects of cross-slot scheduling power saving techniques, and have the following observations and proposals. 
Observation 1: After UE correctly decodes the scheduling DCI with 1-bit indication to indicate minimum K0/K2, UE will apply the indicated minimum K0/K2 after the application delay. gNB can improve the robustness of 1-bit indication by sending 1-bit indication in e.g., two consecutive scheduling DCIs.
Observation 2: If UE need to feedback dedicated ACK/NACK for each scheduling DCI with 1-bit indication, high signaling overhead will be introduced.

Proposal 1: 
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 is determined by (to down-select one of them):
· Option 2: The configured value if one value is RRC configured; The lowest-indexed RRC configured value if two values are RRC configured.
Proposal 2: Regarding minimum K0/K2, choose one from the following 2 alternatives:
1) Minimum K0/K2 for different SCS to facilitate power saving is included in UE capability, and UE reports this capability to gNB.
2) Minimum K0/K2 requirements for different SCS facilitate power saving is defined in spec and UE should fulfill the requirements without capability report.
Proposal 3: UE can report to gNB its preference of minimum K0/K2.
Proposal 4:
For an active DL and an active UL BWP, when UE is indicated by L1-based signalling(s) in slot n for scheduling cell to change the minimum applicable value(s) of K0 and/or K2, UE is not expected to apply the new indicated minimum applicable value(s) before slot 𝑛’ for K0 on scheduled cell, or slot  𝑛’’ for K2 on scheduled cell, 
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where,
· X = max(Y, Z)
· Y is the minimum applicable K0/K2 value prior to the indicated change
· Z = [2] for [SCS=120k] and [1] for other SCS for [DL and UL]
· W is the symbol index of PDCCH in the slot
Proposal 5: Upon detecting 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.
Proposal 6: If 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.
Proposal 7: Restrict A-SRS triggering offset to be no shorter than minimum K2 in Rel-16, when minimum K2 is configured.
[bookmark: _GoBack]Proposal 8: No dedicated NACK/ACK for scheduling DCI with 1-bit indication for cross-slot scheduling.
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