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Introduction
In RAN1 #98, procedures for UE power saving using cross-slot scheduling were discussed and several agreements were made [1]. The list of the agreements is provided in the Appendix. In addition, in RAN #84, the UE power saving work item was approved [2]. The first objective of the WID summarizes the goals regarding the PDCCH-based power saving signal and cross-slot scheduling:
1) Specify power saving techniques with PDCCH-based power saving signal/channel triggering UE adaptation in RRC_CONNECTED mode [RAN1, RAN2, RAN4] 
a) Specify procedures triggering a MAC entity to “wake up” to monitor PDCCH at reception of the PDCCH-based power saving signal/channel for the next occurrence(s) of the drx-onDurationTimer [RAN2, RAN1]
NOTE: Any change of PDCCH channel coding and payload interleaver is not in the scope
b) Specify the procedure of cross-slot scheduling power saving techniques [RAN1, RAN4]
NOTE: The procedure is in addition to Rel-15 cross-slot scheduling procedure
In this contribution, we discuss the remaining procedures to support cross-slot scheduling for UE power saving and present our proposals.
Discussion
Aperiodic SRS triggering offset
Cross-slot scheduling in uplink helps the UE save power by enabling relaxation of UE processing time. Therefore, it has been agreed that adaptation of the minimum applicable value of K2 is supported. For the same reason, we think that adaptation of the minimum aperiodic SRS triggering offset should also be supported. Similar to the aperiodic CSI-RS triggering offset, the minimum applicable value can be determined implicitly from K2min.
Proposal 1: Adaptation of the minimum applicable value of the aperiodic SRS triggering offset is supported.
Proposal 2: The minimum applicable value of the aperiodic SRS triggering offset is determined implicitly from the minimum applicable value of K2.
Misdetection identification and correction
According to the latest agreements, when a UE is indicated the minimum applicable values of K0 and K2, the time domain resource allocation field in the scheduling DCI shall not point to any entry of the TDRA tables with K0 < K0min and K2 < K2min. One major advantage of this approach is that it enables identification and correction of the PDCCH-based power saving signal misdetection as described in the following.
There may be two types of misdetection with adaptation of the K0min (K2min):
· In the first type, gNB indicates to the UE to switch from a larger K0min (K2min) to a smaller K0min (K2min) (e.g., from cross-slot scheduling to same-slot scheduling) and the UE misses this indication. If not corrected, this type of misdetection could cause significant data loss because the UE may enter micro-sleep state after reception of the PDCCH although PDSCH can be scheduled in the same slot as the PDCCH.
This type of misdetection can be identified by comparing the K0 (K2) value indicated in the time domain resource allocation field of the DCI to the K0min (K2min). If the DCI indicates a K0 (K2) value that is smaller than the minimum applicable value, the UE could simply reset K0min (K2min) to a default value. The default value may be the value that does not result in a restriction to the TDRA table, or it could be the value that results in the least restriction (e.g., when there are two configured values). This type of misdetection can also be similarly identified and corrected by comparing the minimum applicable value of the aperiodic CSI-RS triggering offset to the value indicated in the DCI. 
Based on the above discussion, we propose the following:
Proposal 3: If at least one of K0, K2, aperiodic CSI-RS triggering offset, aperiodic SRS triggering offset (if supported) indicated in a scheduling DCI is smaller than the corresponding minimum applicable value, UE sets K0min, K2min, minimum aperiodic CSI-RS triggering offset, and minimum aperiodic SRS triggering offset to a default value.
FFS: The default values
· In the second type, gNB indicates to the UE to switch from a smaller K0min (K2min) to a larger one (e.g., from same-slot scheduling to cross-slot scheduling) and the UE misses this indication. In this case, the UE would not be able to realize misdetection of the power saving signal since any K0 value within the scheduling DCI may be a valid value from the UE’s perspective, but no data loss shall occur as opposed to the first type of misdetection. The implication is that the UE may not be able to save power by entering microsleep within the slot, which is not a very serious drawback and can be corrected by the gNB in a later signaling occasion.
Bandwidth part operation
When a UE is indicated to switch to another BWP without 1-bit indication (e.g., due to timer expiry), the simplest solution for the UE is to assume k0min/k2min to be the values that correspond to no restriction to the TDRA tables. After the switch is completed, the gNB could set the k0min/k2min to new values using the scheduling DCI.
Proposal 4: For an activated BWP without the 1-bit indication received in the DCI, the minimum applicable valued of K0(K2) are set to the values that correspond to no restriction to the TDRA tables.
Power saving without data transmission
Since adaptation between same-slot and cross-slot scheduling is achieved with a 1-bit indication in the scheduling DCI, one issue to address is how the UE can be set to cross-slot scheduling state when there is no data transmission.
One option is that, while within the Active Time, UE could be set to cross-slot scheduling state using the DCI of the last transport block. If there is a NACK for this transport block, then gNB would have to schedule the retransmission using the last indicated K0min/K2min. 
Another option is to use a timer-based approach where the UE may switch to cross-slot scheduling state if there is no data transmission for a given amount of time. This approach suffers from a potential mismatch between the gNB and the UE if there is an indication in a scheduling DCI before the timer expires and if the UE misses this indication due to misdetection.
Another possible method to prevent power saving loss due to lack of scheduling DCI is for the UE to be able to enter the Active Time in cross-scheduling state by setting the K0min/K2min to the appropriate values. Then, within the Active Time, the gNB could update the K0min/K2min values if needed.
[bookmark: _Hlk21090440]Proposal 5: UE can be configured to apply one pair of the values from the configured K0min/K2min pair of values when it transitions from Inactive Time to Active Time.
Application delay
It has been agreed that UE will have a delay between when the cross-slot indication is received and when the indication is applied. We believe that, due to implementation complexity, UE should not expect to get a new indication during the application delay.
[bookmark: _Hlk21089976]Proposal 6: UE ignores the 1-bit indication before applying previous indicated change.

Summary
In this contribution, we have discussed the remaining procedures of cross-slot scheduling for UE power saving. The following are proposed:
Proposal 1: Adaptation of the minimum applicable value of the aperiodic SRS triggering offset is supported.
Proposal 2: The minimum applicable value of the aperiodic SRS triggering offset is determined implicitly from the minimum applicable value of K2.
Proposal 3: If at least one of K0, K2, aperiodic CSI-RS triggering offset, aperiodic SRS triggering offset (if supported) indicated in a scheduling DCI is smaller than the corresponding minimum applicable value, UE sets K0min, K2min, minimum aperiodic CSI-RS triggering offset, and minimum aperiodic SRS triggering offset to a default value.
Proposal 4: For an activated BWP without the 1-bit indication received in the DCI, the minimum applicable valued of K0(K2) are set to the values that correspond to no restriction to the TDRA tables.
Proposal 5: UE can be configured to apply one pair of the values from the configured K0min/K2min pair of values when it transitions from Inactive Time to Active Time.
Proposal 6: UE ignores the 1-bit indication before applying previous indicated change.
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Appendix
Agreements from RAN1 #98 are provided below:
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

