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1		Introduction
In Rel 16, procedures related to cross-slot scheduling for UE power savings is specified. In this paper, we discuss some remaining aspects as follows (from [1]):
· Value range of aperiodicTriggeringOffset
· Correction to 38.214 subclause on mixed numerology A-CSI triggering
· minimumSchedulingOffset adaptation behavior in BWP-switch
· minimumSchedulingOffset applicability in Type-3 CSS
· Suggested minimumSchedulingOffset for the case of cross-carrier scheduling with mixed numerology
[bookmark: _Ref178064866]2	Discussion
2.1.	Value range of aperiodicTriggeringOffset
One potential issue related to RRC parameters is the relative mismatch between minimum scheduling offset for K0, and the set of allowed values for aperiodicTriggeringOffset. The supported range for minK0 is from 0 to 16 slots, while the allowed values for setting aperiodicTriggeringOffset in same SCS scheduling is limited to {0,1,2,3,4,16,24}. Since the minK0 is also applicable as the minimum value for aperiodicTriggeringOffset when cross-slot scheduling is enabled, there can be unnecessary delays in triggering CSI when minK0 > 4 since the minimum triggering offset effectively becomes 16. In addition, it will also increase PUSCH delays due to out-of-order restrictions. The NW may avoid it by setting minK0 conservatively to match available CSI triggering offset values. This, however, makes minK0 value in the range of 5 to 16 less attractive.
[bookmark: _Toc37409686]For same SCS scheduling, the range of supported minimumSchedulingOffset (i.e. minimum K0 and minimum aperiodicTriggeringOffset) is 0 to 16 slots. However, the allowed values for aperiodicTriggeringOffset is limited to {0, 1, 2, 3, 4, 16, 24} slots.

Fortunately, the aperiodic CSI triggering offset with a full range of values between 0 and 31 is supported for the mixed numerology A-CSI triggering via a newly introduced RRC parameter (work done in Rel-16 MR-DC). As such, there is a bug in the current specifications preventing the NW from configuring the full range of minimumSchedulingOffset, minK0>4 in same-SCS scheduling. Therefore, the specification needs to be updated and aperiodicTriggeringOffset for the same numerology case either with the same-carrier or cross-carrier scheduling supports the full range of minimumSchedulingOffset from 0 to 16. We propose to also allow the usage of the new RRC parameter for the same carrier scheduling case as well, adopt the TP and inform RAN2.
Proposal 1 [bookmark: _Toc36728766][bookmark: _Toc37409993]Adopt TP1 for 38.214, subclause 5.2.1.5.1 to allow aperiodic CSI triggering offset to better match the allowed range of minK0 value.
[bookmark: _Toc32437421][bookmark: _Toc32568939][bookmark: _Toc36728767][bookmark: _Toc37409808]<begin TP1>
[bookmark: _Hlk32323282]When aperiodic CSI-RS is used with aperiodic reporting, the CSI-RS offset is configured per resource set by the higher layer parameter aperiodicTriggeringOffset. The CSI-RS triggering offset has the values of {0, 1, 2, 3, 4, 16, 24} {0, 1,2,3,4,5,6…16, 24} slots. If the UE is not configured with [minimumSchedulingOffset] for any DL or UL BWP and if all the associated trigger states do not have the higher layer parameter qcl-Type set to 'QCL-TypeD' in the corresponding TCI states , the CSI-RS triggering offset is fixed to zero. The aperiodic triggering offset of the CSI-IM follows offset of the associated NZP CSI-RS for channel measurement.
[bookmark: _Toc32437422][bookmark: _Toc32568940][bookmark: _Toc36728768][bookmark: _Toc37409809]<end TP1>
2.2. Correction to 38.214 subclause on mixed numerology A-CSI triggering
In the updates to 38.214- g00, a new subclause 5.2.1.5.1a was created (from 5.2.1.5.1) for mixed SCS A-CSI triggering along with simultaneous updates from UE power savings (to 5.2.1.5.1) with respect to minimum scheduling offset restrictions, but the latter changes were not fully reflected into the new subclause (5.2.1.5.1a). Although there is a sentence  saying the behavior defined in 5.2.1.5.1 applies also for mixed numerology case (i.e. “When the triggering PDCCH and the triggered aperiodic CSI-RS are of different numerologies, the behavior defined in 5.2.1.5.1 for the case where the numerologies are the same applies with the following exceptions”), we think it is much more clearer to capture the minimum scheduling offset restriction in 5.2.1.5.1a for more clarity. 

Proposal 2 [bookmark: _Toc37409994]Adopt TP2 for 5.2.1.5.1a, 38.214 to add min K0 restriction text explicitly
<begin TP2>
[bookmark: _Hlk37247974]When the minimum scheduling offset restriction is applied, UE is not expected to be triggered by CSI triggering state indicated by the CSI request field in DCI in which CSI-RS triggering offset is smaller than the currently applicable minimum scheduling offset restriction K0min.
<end TP2>
2.3.	minimumSchedulingOffset adaptation behavior in BWP-switch
In cross-slot scheduling feature, the main power-saving source comes from the fact that the UE could avoid PDSCH buffering. In this case, BWP-switching delay should be sufficient for the UE to be ready to receive PDSCH in the target BWP as long as the K0 value satisfied the minimumSchedulingOffset. In some cases, the minimumSchedulingOffset of the source BWP might imply a larger PDCCH-to-PDSCH gap that may be larger than the BWP-switch time delay. Regardless, we don’t see a need to discuss revising BWP switching delay.
Therefore, in summary, as discussed in 100-e, the PDCCH to PDSCH/PUSCH gap should be no smaller than maximum value between the BWP-switch delay (A) and the minimumSchedulingOffset of the source BWP (C). A numerology conversation (i.e. C translated to absolute time) can be done for the case of the SCS between the source and target BWP is different.
Proposal 3 [bookmark: _Toc37409995]For the case of cross-BWP scheduling, the scheduling offset is not smaller than max (A, C). 

Another issue that was raised in 100 e-meeting was the applicable minK0 value to be used in the slots after the target BWP is activated, but before the corresponding application delay (implied by the scheduling DCI) takes effect. In our view, it is better to clarify the UE assumption on min K0 in these slots. 
There are two approaches:
1. The minK0 value of the source BWP still applies until the application delay finishes.
2. The minK0 value of the target BWP applies after BWP-switch
 
Switching the BWP is likely motivated by a certain purpose, e.g. to switch from a BWP that has lower power consumption (e.g. having larger minK0 value) to a BWP which is more suitable for data transmission (e.g. having smaller minK0 value). Using the first option, the NW could not schedule the UE with a PDSCH right after the last PDSCH (i.e. the cross-BWP scheduled PDSCH). In figure 3, for example (using same numerologies in both BWPs), the UE cannot be scheduled during slot 8 and 9. This circumstance should be avoided as this restriction does not occur when the UE remain in the source BWP (i.e. no BWP-switch initiated). By using option 2, the NW can schedule the UE with a PDSCH in a slot that comes directly after the last PDSCH slot.
In either case, out-of-order PDSCH scheduling is not possible, with second approach NW can schedule other messages for the UE e.g. to request CSI feedback immediately after BWP switching. 
[image: ]
Figure 3. The minK0 value of the source BWP applies until minK0 slots after BWP-switch is triggered

[image: ]
Figure 4. The minK0 value of the target BWP applies after the target BWP starts
Note that in the above examples, the minK0 restriction indicator does not change. However, the same principle applies when the minK0 restriction indicator changes. As in cross-BWP scheduling the minK0 could change without the change on the minK0 restriction indicator, the application delay in cross-BWP scheduling might be better defined as the change of the minimumSchedulingOffset index (or applicability).
Proposal 4 [bookmark: _Toc37409996]For the case of cross-BWP scheduling, the indicated minK0 value in DCI 1-1/0-1 of the target BWP is applied after BWP switching.
2.4.	minimumSchedulingOffset applicability in Type-3 CSS
Looking at Table 5.1.2.1.1-1 of TS38.314, the default TDRA tables are applied when the UE is not configured with the pdsch-TimeDomainAllocationList in  pdsch-ConfigCommon . Furthermore, of the case of CSS of Type3 irrespective of the search space being associated with CORESET 0 or other CORESETs, the default TDRA table is table A with all the indices associated with K0=0. As such, it is natural that the minimum applicable value of K0 does not apply to C/CS/MCS-RNTI monitored in any common search space if default TDRA table is applied. NW can accordingly configure UE with dedicated TDRA table and enable cross-slot power savings for DCI sent using those search spaces. We propose to update the agreement with the following proposal:
Proposal 5 [bookmark: _Toc37409997]The adaptation on the minimum applicable value of K0 does not apply to C/CS/MCS-RNTI monitored in CSS type 3 if default TDRA table is applied.
2.5.	Suggested minimumSchedulingOffset for the case of cross-carrier scheduling
In RAN1 #98b, it was agreed that the UE could suggest a value for minimumSchedulingOffset for K0 and K2 for each SCS. Specifically, the following limitation was temporarily agreed:
1. For 15kHz and 30kHz; value range: 1, 2, 4, 6 slots.
2. For 60kHz and 120kHz; value range: 2, 4, 8, 12 slots.
In the case of same-carrier scheduling, the interpretation of the UE suggested minK0 value is straightforward, i.e. the NW can set the minK0 value based on the SCS used in the respective cell. 
As the scheduling offset (e.g. K0 values) applies to slots in the scheduled CC, it makes sense that the UE suggested value on minK0/minK2 values represent slots in the scheduled CC for the case-carrier scheduling with mixed numerology. In addition, given the value range above, if the suggested value represents the scheduling CC will face some inconsistency. For example, if the UE suggests a minK0 value of 4 slots for 15kHz. Adopting the value to a scheduling CC – scheduled CC pair of 15kHz and 120kHz implies that the minK0 value of the scheduled CC will be 32 slots which is more than the minimumSchedulingOffset limit and can exceed the SLIV limits.
In some cases, it can be that the last symbols of the scheduling PDCCH is located to close or after the minK0-th slot of the scheduled CC. To keep the power saving gain, the NW may add the minK0 value from the suggested value with the last PDCCH symbol location which is converted to the scheduled CC numerology.
Proposal 6 [bookmark: _Toc37409998]In cross-carrier scheduling with mixed numerology, the UE suggested minK0 (or minK2) value represents the suggested value for the scheduled carrier based on the scheduled carrier SCS.
[bookmark: _Toc5022906]
Conclusion
In section 2, the following observations and proposals were made: 
Observation 1	For same SCS scheduling, the range of supported minimumSchedulingOffset (i.e. minimum K0 and minimum aperiodicTriggeringOffset) is 0 to 16 slots. However, the allowed values for aperiodicTriggeringOffset is limited to {0, 1, 2, 3, 4, 16, 24} slots.

Proposal 1	Adopt TP1 for 38.214, subclause 5.2.1.5.1 to allow aperiodic CSI triggering offset to better match the allowed range of minK0 value.
Proposal 2	Adopt TP2 for 5.2.1.5.1a, 38.214 to add min K0 restriction text explicitly
Proposal 3	For the case of cross-BWP scheduling, the scheduling offset is not smaller than max (A, C).
Proposal 4	For the case of cross-BWP scheduling, the indicated minK0 value in DCI 1-1/0-1 of the target BWP is applied after BWP switching.
Proposal 5	The adaptation on the minimum applicable value of K0 does not apply to C/CS/MCS-RNTI monitored in CSS type 3 if default TDRA table is applied.
Proposal 6	In cross-carrier scheduling with mixed numerology, the UE suggested minK0 (or minK2) value represents the suggested value for the scheduled carrier based on the scheduled carrier SCS.
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