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Introduction
In RAN1 #98bis, 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. These agreements specify the application delay for same-carrier scheduling, configuration of the minimum applicable values of k0/k2, and UE behavior when BWP switch is applied.
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 of misdetection, 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 K0/K2 in a scheduling DCI is smaller than the corresponding minimum applicable value, UE sets K0min/K2min to a default value.

Since it was agreed that the minimal applicable value of the aperiodic CSI-RS triggering offset is implicitly determined by K0min, the above solution can be extended to the CSI-RS triggering offset as follows:
Proposal 4: If CSI-RS triggering offset or aperiodic SRS triggering offset (if supported) indicated in a scheduling DCI is smaller than the corresponding minimum applicable value, UE sets K0min/K2min to a default value.

· In the second type of misdetection, 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.

One point raised in RAN1 #98b was if the case where the DCI format 1_1 and 1_0 include conflicting values for the k0min/k2min needs to be addressed. This case does not need special handling since the gNB can easily prevent it by proper scheduling. 

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. It is prefareble that, due to implementation complexity, UE should not expect to get a new indication during the application delay.
[bookmark: _Hlk21089976]Proposal 5: UE ignores the 1-bit indication before applying previous indicated change.

For cross-carrier scheduling or BWP switch, the application delay agreed in RAN1 #98bis can be scaled based on the numerology. One FFS point was whether to define an upper bound on the application delay. We do not think that this is necessary as the gNB shall choose a set of appropriate values for k0min/k2min, resulting in a proper application delay.

Given the above, we propose:


Proposal 6:



where 

Y is the active minimum applicable K0 value of the active DL BWP prior to the change indication,
Z is ([1], [1], [2], [2]) for DL SCS of (15, 30, 60, 120) KHz, respectively.

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 K0/K2 in a scheduling DCI is smaller than the corresponding minimum applicable value, UE sets K0min/K2min to a default value.
Proposal 4: If CSI-RS triggering offset or aperiodic SRS triggering offset (if supported) indicated in a scheduling DCI is smaller than the corresponding minimum applicable value, UE sets K0min/K2min to a default value.
Proposal 5: UE ignores the 1-bit indication before applying previous indicated change.

Proposal 6: 

where 

[bookmark: _GoBack]Y is the active minimum applicable K0 value of the active DL BWP prior to the change indication,
Z is ([1], [1], [2], [2]) for DL SCS of (15, 30, 60, 120) KHz, respectively.
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Appendix
Agreements from RAN1 #98bis are provided below:
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 before the 1-bit indication is received within 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
Value zero is a valid configuration for the minimum applicable K0/K2 value for the case when two RRC values are configured for the BWP
· Detail RRC configuration design is up to RAN2.

Agreements:
For the purpose RRC configuration design, the configured minimum applicable K0/K2 value(s) are a subset of the possible values for those of the existing K0/K2 parameters 
· FFS the detailed subset of values

Agreements:
UE higher layer signalling (detailed mechanisms up to RAN2) of suggested minimum applicable values for K0/K2 (one for each) for applying cross-slot scheduling is supported:
· For each of the all possible SCSs, the values are reported separately
· For same-carrier scheduling, each suggested value is in the range from 1 to 
· 15kHz/30kHz SCS: [2-4] slots
· 60kHz/120kHz SCS: [4-8] slots 
· FFS how to apply the values to the cross-carrier scheduling case in terms of minimum applicable value
Agreement:
For the RRC configuration, the configured minimum applicable K0/K2 value(s) take integer value(s) in the range from 0 to [16]

Agreements:
· With application delay, X, for adaptation to the indicated minimum applicable K0/K2 value(s) for a scheduled cell triggered by the 1-bit indication of a DCI format 1-1 or 0-1 with in the scheduling cell,
· UE receives DCI of the change indication in slot n of the scheduling cell
· UE can be scheduled with the indicated minimum applicable K0/K2 value(s) for PDSCH/PUSCH on the scheduled cell in a DCI in slot (n + X) of the scheduling cell
· For same-carrier scheduling and at least for PDCCH monitoring case 1-1,
· X = max(Y, Z)
· Y is the active minimum applicable K0 value of the active DL BWP prior to the change indication
· Z is ([1], [1], [2], [2]) for DL SCS of (15, 30, 60, 120) KHz, respectively
· FFS: Cross-carrier scheduling 
· FFS: PDCCH monitoring case 1-2 and case 2
· FFS: Whether and how to add a delay for adaptation from same-slot scheduling to cross-slot scheduling before potential data retransmission(s) is finished
· FFS whether or not/how to define the upper bound for the application delay
FFS whether/how to define UE behavior in case of miss detection
